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RULES. 


(1) The name of the Association shall be ‘“Lxoyp’s RecisreR STAFF 


ASSOCIATION.” 


(2) The object of the Association is the advancement and dissemination of 
knowledge of present-day problems in shipbuilding and marine engineering, by the 
preparation and discussion of communications on the various technical aspects of 


the subjects. 


3) The membership shall consist of the Technical Officers of Lloyd’s Register 


of Shipping. 


(4) The members of the Association shall elect Members of Committee and 
a President and Honorary Secretary who, in consultation with the Committee, shall 


arrange the procedure of the Association. 


(5) The President, Honorary Secretary and Members of Committee shall 


retire annually and be eligible for re-election. 


(6) Papers contributed to the Association shall be for the information of 
Members, and shall be available for the Committee of Lloyd’s Register of 


Shipping, and the authors shall retain the right to subsequent publication, subject 


z 


to the sanction of the Committee of Lloyd’s Register of Shipping. 


(7) Non-members may, at the discretion of the Committee, be invited to 


contribute papers to, or to discuss communications read before, the Association. 


(8) Meetings shall be held on the first Wednesday of each month from 
October to April inclusive, and/or at such additional times as the Association may 


hereafter decide. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Wednesday, 8th October, 1924. 


The President, Mr. J. Carnaghan, occupied the Chair, and was accompanied on 
the platform by Mr. J. S. Gordon. 


President’s Address. 


GENTLEMEN, 

It is a great pleasure to me that I am permitted to preside at the opening of the fifth session of the 
Staff Association, and I take this opportunity to assure you that the kindness and consideration which you 
have shown towards me during my recent illness was, and still is, very highly appreciated. I also wish to 
thank our past President, Mr. Watt, and the Committee for carrying on the work of the Association 
during my absence. 


The Staff Association still continues to prosper and to maintain a very high standard. This result is 
in great measure due to the continued generosity of the Committee of Lloyd’s Register, who, by relieving 
the Staff Association of its financial worries, permit your representatives to concentrate on the remaining 
essential matters of the management of the Association. We, therefore, record our sincere gratitude 
to the Committee of Lloyd’s Register for this substantial help towards our continued success. 


We are also grateful to the Society's Chief Ship and Chief Engineer Surveyors, Sir Westcott 
8. Abell, and Mr. H. A. Ruck-Keene, for the active interest which they take in our Association. 


The fact should not be overlooked that a very large portion of the work of the Association falls upon 
our Honorary Secretary, and I feel certain that you will extend to him your thanks for the efficient way 
in which he carries out his somewhat trying duties. It may be mentioned that we can all help him con- 
siderably if those who contribute papers or take part in the discussions will do their utmost to forward 
their contributions to him without unnecessary delay. 


Previous appeals to the members for their assistance in the production of papers have resulted in a 
fair amount of success, as may be noted from the syllabus for this session; but there is still room 


for more authors for the following Sessions, and it is hoped that others will follow the good example of 
those who have favoured us with papers for the past and present years, 


Your Committee are desirous to preserve and, if possible, to increase interest in the transactions of 
the Association. Unfortunately, from this point of view, the bulk of the members are non-resident, and 
if anything can be done to minimise the effects of this drawback, your Committee will be pleased to give 
careful consideration to any suggestions which the members may care to send to the Hon. Secretary. 
Hitherto, some good work in this direction has been accomplished by the Members at large ports, where, 
by holding local meetings for the purpose of mutually discussing the papers, valuable contributions have 
heen added to the transactions. 


\ 
THE STORAGE OF REFRIGERATED CARGO 0 
BOARD VESSELS, 


By J. 8S. GORDON. 


ReaD 8rH OcropER, 1924. 


The development which has taken place during the last forty years in marine refrigerating instal- 
lations has been achieved by results obtained from information and experience gained from investigations 
on refrigerants, the means of controlling them, and the heat conducting value and properties of the 
materials composing the insulation. ‘The outcome of the acquisition of such knowledge has been put to 
practical use, with the result that the vessels employed in the carriage of refrigerated cargoes on long 
voyages leave little to be desired as regards the refrigerating installations and the general arrangement of 
the cargo chambers. 

Success in the transport of extremely perishable cargoes over long distances is not attained, however, 
solely by the provision of suitable refrigerating plant and well-insulated chambers, but depends to a very 
great extent on the care exercised in the proper stowage of the cargo. 

The value of a refrigerated cargo is determined principally by the condition in which it arrives at the 
port of discharge. It would be unreasonable to expect refrigerated cargoes to be discharged in good 
condition at the port of destination unless received on board at the loading port in equally good condition. 
To ensure cargoes arriving in the best possible condition, it is essential that the most suitable method of 
stowage, for the particular commodity concerned, should be employed. Any departure from what may be 
considered proper stowage, is liable to result in the cargo being delivered in other than the best condition, 
in which case the loss consequent upon the diminution in value may be considerable. 

It should be remembered that before the loading of a refrigerated cargo is commenced the heat must 
be extracted from the air in the holds as well as from the insulation, irrespective of whatever system of 
refrigeration is adopted. The means most generally used for this purpose is by gravity or forced air 
circulation. In the case of a brine-piped ship it will be obvious that the influence of the superimposed 
side and bulkhead pipes will have much greater effect in inducing rapid downward convection currents 
than the side by side overhead pipes. In air-cooled vessels refrigeration is effected by the introduction of 
cold air into the chambers, in some cases the cold air being introduced at the bottom and drawn off at, 
the top ; in others the cold air is introduced at one side and drawn off at the other. These two methods 
may be reversed. 

Whatever means are adopted of setting these air currents in motion, their refrigeration effect greatly 
depends on the nature of the stowage, and once a chamber is loaded with cargo and the hatches closed 
down it is, of course, not possible to alter the conditions imposed by the stowage until the cargo is dis- 
charged. An investigation of the methods adopted in the stowage of perishable cargo is, therefore, a 
matter of some importance. 

The greater difference in temperature between the hot and cold sides of the insulation, the greater 
will be the amount of heat that will flow through the insulation. It is necessary, therefore, to provide 
means of allowing the heat to be carried off, and with this object vertical air channels are formed on the 
sides and bulkheads (as required by the Rules of Lloyd’s Register of Shipping) by cargo battens of at least 
2-inch by 2-inch cross section, securely fastened over each frame or ground, others being intermediately 
arranged, or alternatively about 14-inch centres. On the tank top insulation and decks, horizontal air 
channels are formed, and the battens should in no case be less than 2-inch by 2-inch cross section, but 
preferably 3-inch by 83-inch cross section. These battens need not be made a fixture, and are not required 
where the cargo is suspended, as in the case of chilled meat. The tunnel insulation should be fitted with 
83-inch by 3-inch battens and securely fastened. The tank top insulation and deck battens should be in line 
with the vertical side battens where the nature of the cargo permits. In a brine-piped hold the maintenance 
of sufficiently low temperature at the bottom of the hold—i.e., the point furthest from the refrigerating 
medium, entirely depends on the nature of the air channels through and around the cargo. In holds cooled 
by the introduction of cold air at the bottom, the temperature at the top depends on these air channels. 

It is most important that all air channels should be kept free, and that no refrigerated produce be 
stowed in direct contact with the insulation, since, if the air channels are not maintained intact, the heat 
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| passing through the insulation would accumulate and be transmitted to the produce, raising its temperature 
| and consequently damaging it. Instances are known where considerable local damage has been caused through 
| cargo being stored in direct contact with the insulation ; this causes the part in contact to become softened, 
| and, being subject to lateral and/or vertical pressure due to adjacent cargo, an increasing area comes in 

direct contact with the insulation, causing damage. In these instances the insulation, when tested, is 

usually found satisfactory, and the temperature shown at thermometers sufficiently low. It is sometimes 
the case that refrigerated produce is offered for shipment in soft condition, but nothing so readily leads to 
damage as the stowing of produce in such a condition, and it should never be accepted unless hard frozen. 

With some classes of goods it is advisable to place dunnage battens or laths of various dimensions 
between each tier ; with others, several tiers may be stowed before dunnage is used. The provision of 
vertical air channels is also sometimes desirable, especially for fruit. 

With case goods horizontal dunnage battens, in addition to providing air channels, bind the cargo 
together, preventing damage to the goods when the vessel is labouring in a seaway. The fact that many 
classes of refrigerated produce are extremely liable to physical damage even when cased must not be 
ignored. ‘There is no need to emphasise the necessity for the careful handling of such fragile cargoes as 
cases of eggs, but there are other goods which require no less careful treatment in stowing and loading. Fruit, 
for instance, is generally packed in boxes, of which the ends are the strongest, the top, bottom, and sides 
being of thinner material, which yield to slight pressure. Cheese is commonly packed in crates with strong 
ends and stout centre partitions. In the case of fruit boxes it is evident that if at any time the thin material 
is subjected to pressure, bruising, or, in extreme cases, crushing of the fruit inside the boxes, is unavoidable. 

It is important that the 3-inch by 38-inch dunnage battens should be spaced according to the 
dimensions of the boxes or crates and laid athwartship. The goods should be stowed in a fore and aft 
direction, and the dunnage so spaced that the ends of adjacent boxes can be butted on each batten. Those 
which have a strong centre partition are greater in length, and in stowing such intermediate battens should 
be arranged to afford support to the centre partition. ‘The upper tier should be stowed directly over the 
lower tiers as far as practicable. It need hardly be mentioned that a great deal depends upon laying the 
first tier of boxes. 

During loading, careful attention must be given to the manner in which goods are shipped. Special 
canvas slings should be used for meat (mutton and lamb), but for produce in boxes or crates, trays gear 
be used. Boards or skids should always be placed in the square of the hatch, so that the goods can be 
landed on them ; walking-boards for the men should also be used, thus avoiding damage to the cargo 
underneath. The use of gravity roller conveyors for boxes might be encouraged from hatch to the part of 
the chamber where the same are being stowed, thus obviating much walking over the cargo. 

In the interest of all concerned, boxes and crates used for the various commodities such as butter, 
fruit, cheese, rabbits, and offal, should be of a standard dimension for each commodity so as to allow of 
perfect stowage. 

The general preparation of the vessel to receive a refrigerated cargo includes the cleaning and 
examination of the insulated chambers, bilges, bilge sounding pipes, strum boxes, tank top non-return 
valves or liquid sealed non-return bilge traps, whichever are fitted; the closing of all insulated limber 
hatches and ventilator plugs ; sealing the latter with sawdust, and the laying of portable dunnage battens 
| on tank top insulation and decks. 

It is important that all these items should receive attention in order to avoid the introduction of 
warm air into the chambers. In vessels fitted with brine circulation all pipes should be examined for 
tightness. In yessels fitted with air circulation all portable air trunks must be assembled and secured in 
| place and dunnage battens fitted on tops and sides. 
} The chambers should be cooled down, and when the requisite temperature is obtained a competent 
i surveyor should be requested to examine all the chambers and note temperatures of same and grant a 
Loading Certificate. 
It is frequently necessary to carry in ’tween-deck chamber goods requiring a moderate temperature 
(say, 40° F. to 45° F.), while the lower hold is filled with frozen goods at a temperature 15° F., or vice 
versa. In such circumstances the insulation between the two compartments will require reinforcing 
where there is no insulation on top side of deck. This is generally effected by laying additional 3-inch by 
| 3-inch dunnage battens in a fore and aft direction under the ordinary athwartship dunnage, and packing 
} special sawdust to a depth of about 4 inches between the battens. The hatch coamings and hatches will 
also require to be dealt with by fitting wooden frames round the hatchways so that the hatches can be 
well covered with sawdust. 
\ If goods requiring a moderate temperature are stowed in the lower hold and frozen goods in the 
*tween decks, precautions should be taken to prevent condensation on the under side of the deck into the 
hold. An increase in the thickness of the insulation again provides the remedy, and as it is not practicable 
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to add to the insulation on the under side of the deck, the addition must be made in the manner described 
in the previous paragraph. 

Different commodities may sometimes be stowed in the same chamber if no ill effects are to be appre- 
hended from the proximity of the goods and the temperatures required are similar. For instance, frozen 
butter and meat may be stowed together. Whenever one commodity is overstowed with another, 
however, dunnage battens should be introduced between the two consignments. 

It is a common practice at some ports to load metal ingots (such as lead, copper, etc.), on the tank top 
of an insulated chamber. It is very important that all the heat should be extracted from this material 
before a refrigerated cargo is stowed in the space, and it has been found that it is a very good practice to 
cool the chamber to 10° F., and to maintain this temperature for about six hours for each tier of ingot 
metal, if a frozen cargo at 15° F. is to be carried. If a chilled cargo is to be carried the chamber should 
be cooled and maintained to the requisite carrying temperature for the same length of time. The time 
required to cool these ingots depends upon the weight and specific heat of the metal, and cannot altogether 
be made a hard and fast rule. 

The author’s attention has been drawn to the fact that staging, etc., used in the stowage of chilled 
meat has been found in some instances to be infected with mould before being placed on board, This 
mould is observed when certain climate conditions prevail. It might be advisable in order to avoid any 
risk of the insulation of meat being infected by the mould, for precautionary measures to be taken before 
the cargo is placed on board, such as the cleaning and sterilizing of the staging, etc. 

When planning the stowage of a mixed refrigerated cargo the following points should also be taken 
into consideration, viz. ;— 

The stability and trim of the vessel. 

The rotation of loading ports. 

The rotation of discharging ports. 

The nature of the produce; if permissible to overstow with other cargo or not. 
The temperature at which the cargo is to be maintained. 

The ventilation required. 

The author has endeavoured to indicate the general principles to be observed in the stowage of 
refrigerated cargoes; the remainder of the paper describes briefly some of the arrangements which 
experience has shown to be suitable for the carriage of various kinds of refrigerated produce. 


STOWAGE OF FROZEN MEAT. 


The first operation consists of laying the dunnage battens in line with the side battens. In the case 
of fore and hind quarters of beef, and carcases of mutton and lamb, no further dunnage is required, since 
the irregular shape of this produce, when hard frozen, does not allow of such close stowage as to interfere 
with the air circulation. 

Beef, mutton, and lamb are always stowed with the shanks forward and aft, and care must be taken 
that they are not in contact with the bulkhead, particularly terminal bulkheads. The shanks of mutton 
and lamb are very brittle when hard frozen, and the carcases should therefore be carefully handled. 
Mutton may be overstowed with lamb, but it is not advisable to overstow lamb, as the carcases are light 
and unable to maintain their irregular shape when subjected to superimposed weight. Beef is much more 
substantial, and will permit of cargo being stowed above, but the upper cargo should be separated from the 
beef by 3-inch by 83-inch dunnage battens. 

In a vessel carrying a mixed cargo, mutton and lamb are usually stowed as high as possible for reasons 
of stability. Offal or beef cuts in bags present a more difficult problem. They should be carried in 
‘tween decks, if possible, and every two tiers separated by 3-inch by 3-inch dunnage battens, as the bags 
will settle down between the cargo battens on deck. Atsides and bulkheads it is a good practice to floor off 
with beef or cased offal, and also to stow a row of quarters of beef, etc., carried right up close to sides and 
bulkheads, separating the beef, etc., and offal by dunnage. his ensures the maintenance of the air 
channels round the cargo. If this is not practicable, light fore and aft dunnage should be nailed to the 
athwartship dunnage, so spaced as to ensure that the offal does not sag and touch the insulation. 

Offal, such as hearts, livers, kidneys, ox-tails, etc., packed in cases, does not present any special 
difficulty in stowing, but 1-inch thick battens should be placed between each tier. 


CHILLED BEEF. 
This cargo is always hung on meat rails spaced about 12 inches apart on the under side of the decks. 
In ‘tween decks the heights are usually regulated to allow one hindquarter or two forequarters to be hung, 
the hindquarter being hung direct from the rail and the forequarters suspended one below the other from 
chains. In lower holds, which are of greater height, both hindquarters and forequarters are suspended 
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from chains. Chilled beef is usually stowed reasonably tight to prevent it swinging when the vessel is 


rolling, but should not be so tight ‘as to prevent the circulation of air. No dunnage is used, except the 
baffle boards fitted over the side and bulkhead brine pipes. 


RABBITS. 


Rabbits are packed in crates, They should be stowed on end upon dunnage battens about 3 inches 
by 3 inches, spaced according to the dimensions of the crates, and between every third tier 1-inch thick 
battens should be placed athwartship to allow of free circulation of air. 


BACON. 

Bacon is packed in large cases of various dimensions. Some kinds of bacon when carried in a 
refrigerated chamber give trouble through the atmosphere penetrating the cases and causing the salt to 
melt and run out. When this is likely to occur it is advisable to lay sufficient sawdust under the dunnage 
battens on the tank top insulation to absorb this moisture. Otherwise serious damage to the insulation may 
result. Between each tier of cases battens 1 inch thick should be laid athwartship. 


CHEESE. 

Cheese is usually packed in round crates, and requires a temperature of between 40° F, and 45° F. 
It has been carried successfully in lower holds and “tween-deck chambers, and should be stowed in 
separate chambers which are specially prepared. The crates should be placed on 8-inch by 3-inch dunnage 
battens laid athwartship, spaced so that that the ends of two crates can be butted on each batten. Those 
crates which have strong centre partitions are greater in length, and in stowing such intermediate battens 
should be arranged to afford support to the centre partitions The cheese crates must be kept well clear of 
the side and bulkhead grids by means of suitable dunnage which allows of a free circulation of air ; they 
should also be kept well clear of the overhead grids. It is important that the condition of the cheese, and 
also its internal temperatures, should be ascertained and recorded before loading. 


BUTTER. 

Butter is heavy, and is usually stowed in lower hold chambers, Where butter only is carried in any 
one chamber it can be stowed in a solid block with the 3-inch by 83-inch dunnage battens underneath, but 
where it is stowed in the same chamber as meat it must be separated by 3-inch by 3-inch dunnage battens 
placed athwartship about 12-inch centre, and between each tier of boxes 7/16th laths must be placed. If 
the boxes are constructed with battens on top and bottom no laths are required, 


SHELL EGGS. 

Shell eggs are usually stowed in Separate ‘tween-deck or other chambers of equal height. Dunnage 
battens 3 inches by 3 inches should be laid athwartship to suit the dimensions of the boxes, Each tier 
should be well dunnaged to allow of good air circulation in all directions. The boxes should be kept well 
clear of the side, end, and over head grids by means of suitable dunnage. They should also be protected 
from the influence of low temperature in chambers beneath, if necessary, by the reinforcement of the 
insulation on deck, with special sawdust. iggs are very susceptible to faint from odours, and must be 
isolated from all other cargo. 

FRUIT. 
Apples, pears, oranges, ete., are usually shipped at atmospheric temperature, not pre-cooled. The 


stowage must allow for very free air circulation so that the initial heat in the fruit can be removed as soon 
as possible, and also to allow the ventilation, that is necessary from time to time to remove the gases given 
off by the fruit, to penetrate through the stowage. Dunnage battens 3 inches by 8 inches should be laid 
athwartship and so spaced that the ends of two boxes can be butted on each batten. Between each tier of 
boxes laths 1 inch thick are usually placed athwartship. In some instances about every fifth tier counting 
fore and aft, a vertical air channel about 3 inches wide is formed, and at every fifth or sixth tier high a 
double layer of 1-inch battens should be laid with bottom layer placed fore and aft to create a horizontal 
air-way. ‘The boxes must be stowed well clear of overhead grids and also side and bulkhead grids, suitable 
dunnage being used to allow free air circulatfon. 

Bananas are placed on board a few hours after being cut, and are stowed without covering of any kind 
the lowest bunches being arranged with stems vertical, and a final layer placed horizontally. All the cargo 
chambers are divided into bins by portable horizontal sparring fitted into vertical posts, thus checking the 
movement of the fruit in rough weather. Sparred gratings are laid on the steel decks to carry the fruit 
clear of the plating, and to allow the air to circulate below and up through the fruit. 


DISCUSSION ON MR. J. 8. GORDON’S PAPER 


ON 


“THE STOWAGE OF REFRIGERATED CARGOES ON 
BOARD VESSELS,” 


Mr. H. A. Ruck-KEeEne. 


The question of refrigerating machinery and appliances, including the stowage of refrigerated cargoes 
in vessels is a subject with which this Society nas been most closely connected for many years. 

Lioyd’s Register Refrigerating Machinery Certificates are accepted by underwriters all over the 
world. 
Several foreign owners even, whose vessels are classed with other classification societies, have found 
it desirable that the refrigerating machinery and appliances should receive this Society’s Refrigerating 
Machinery Certificate. 

The Institute of London Underwriters has, in the past few years, insisted that all cold stores for 
frozen meat must obtain a certificate from this Society before they are placed on the Institute’s Approved 
List. 
It would be of interest to state that at the present time there are 323 vessels fitted with refrigerating 
machinery and appliances, having a cubic capacity of 65,500,000 cubic feet of refrigerating space, 
whose refrigerating machinery and appliances hold the Society’s certificate. Also that 11,000,000 cubic 
feet of cold storage space has been inspected by the Society’s surveyors during the year ending June last. 

It was in December, 1898, that this Society issued its first rules and regulations regarding refrigerating 
machinery and appliances on board ships. These rules have been amended from time to time as 
further experience rendered it desirable. ‘They were completely revised in July, 1922, and brought into 
accordance with present day practice. In December, 1922, the Society also issued rules regarding the 
refrigerating machinery and appliances in cold stores. These rules have been much appreciated by all 
parties concerned. 

When the Society’s first rules for refrigerating machinery and appliances were issued in 1898, 
Mr. Robert Balfour, my old friend and colleague, was our refrigerating expert, and continued to be so 
until he retired last year. On account of the great experience he had obtained, and the good work he 
had done during this time on this subject, the Committee, on his retirement, retained him as the 
Society’s Consultant Refrigerating Engineer. 

On his retirement, Mr. J. 8. Gordon, the author of this paper, who had had considerable experience 
in refrigeration, both before and after his appointment to this Society, was appointed in Mr. Balfour’s 
place as Senior Refrigerating Engineer to this Society. 

There is no question in my mind that the Committee’s decision to appoint an engineer who has 
specialised in this branch of engineering has been fully justified by the results. 

The author of this paper has given the Staff Association a most interesting and instructive paper on 
the subject of the Stowage of Refrigerated Cargoes on board vessels, and I am sure it will be of great 
assistance to all members of the staff, but especially to those whose duties do not, as a rule, comprise the 
ony of refrigerating machinery and appliances. 

have no criticisms to make about this paper, but would suggest to the author that if he would give 
the usual temperatures required for the carriage of the different products mentioned in his paper, it 
would add to its value. 

In conclusion I wish to thank the author for his very valuable contribution to the records of the 
Staff Association. 
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Capt. C. A. CoLONNA. 


Coming from Lyttelton, New Zealand, I think it my duty to acknowledge my thanks for the great 
service and assistance afforded to me by the Staff Association papers sent out from time to time. In 
foreign ports, and especially at a place like Lyttelton, I am somewhat handicapped in getting the proper 
labour and men to deal with the work, and such information and suggestions as are contained in the 
papers and their discussions are very helpful. 

Dealing with Mr. Gordon’s paper, I agree with every point he has explained. Unfortunately for us, 
we are not concerned with the subject of cargo, but are simply called in to examine the holds, brine pipes, 
and so on, and to certify as to their condition. It would be better in every way if we were required to be 
responsible for the cargo also, and it would certainly add enormously to our fees. 

With regard to the subject of battens, I think that the battens should never be less than 3 inches by 
8 inches. I have very often found that 2 inch by 2 inch battens break, so much so that some of the 
companies insist upon having 4 inch battens and over, and in two or three ships 1 have known the 
owners frequently put two tiers of 2 inch by 2 inch battens. 

1 always ensure, as Mr. Gordon says in his paper, that ventilation is efficient, and that the permanent 
hattens are always there; and when I find the insulation damp or wet, if there is no time to renew it, I 
simply put double battens one on top of the other, and they have proved satisfactory. I do not wish to 
praise Lyttelton unduly—it is only a small port—but it has been my privilege on many occasions to shake 
hands with men returned from a voyage made with a refrigerated cargo loaded at Lyttelton, who have raid 
to me “ We carried a very good cargo this time, Captain.” 

There is another point which may be of interest. We all know that vessels which are watertight are not 
necessarily oiltight, and I am in a position to say that spaces that are oiltight are not necessarily smoke- 
tight, because I have found that insulation that 1 shoald call oiltight is not smoketight. 1 had a case of 
a very big ship, in which I examined the refrigerated holds very carefully. The bulkhead in No. 3 hold 
was adjacent to the bunkers, and I took every possible precaution to cool this bulkhead. There happened 
to be a watertight door for working cargoes, &c., in the lower part of the bulkhead, and I paid particular 
attention to that door. It had been properly closed; 1 examined the plug, and it seemed perfectly tight. 
As an extra precaution I insisted on having it chintzed. 1 was afraid of the temperature rising in the 
holds, and on going down to take the temperature I was surprised to find a smell of smoke. 1 could not 
imagine where it came from, and there was no time to do anything, as the ship was sailing. Well, away 
she went, and I heard afterwards that she had damaged many carcases, some being smoked and some 
actually charred. 

Another thing I have had a lot of trouble with is hatch grids. In some cases it has been found 
impossible to keep the joints from leaking. I was called in on one case where the owners’ superintendent 
informed me that he was quite unable to keep these joints tight. 1 was surprised, and suggested flexible 
joints. He said that flexible joints were a thing of the past, and had been tried and found no good. So 
I only suggest that if there should be any way of introducing an improvement it would save a deal of 
time and trouble, and probably expense. 

I cannot conclude without thanking Mr. Gordon for this most interesting and instructive paper. 


Mr. R. Basrour. 


I may say that I did not prepare anything to say to you this evening, as I did not expect to be able 
to be here, but was very pleased to find at the last moment that I could attend and support my colleague, 
Mr. Gordon. 

Yon all know that this paper was presented before the Fourth International Congress of Refrigeration. 
I can assure you that paper was received at a fairly large assembly, of which I was secretary, with ready 
acceptance. ‘The discussion was brief, owing to the fact that most of the members knew little about 
the subject, and my remarks then were confined purely to the importance of dunnage. Since then, 
as secretary of that section, I have been bombarded from the Continent, and even America and 
elsewhere, with requests for copies of Mr. Gordon’s paper. 

I looked back and scanned over the transactions of the Association, and found that in the whole of 
the transactions there is no other paper dealing with this subject. So that it reflects great credit on a 
member of our staff in being able to put before them something new. 
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[ confined my remarks at that time to dunnage as being of the greatest importance so far as 
stowage is concerned. The engineer to-day, since the adoption and expansion of the wonderful industry 
of refrigerated cargoes, has had added to his multifarious duties of attending to the main machinery, 
that of being held responsible—conjointly with the deck officers of the ship—for the care of such valuable 
cargoes, whose value may amount to millions; in one ship it may be half a million pounds. For his own 
sake, he does attend on the quay during the loading; it is important to watch individual cargo, and he 
generally manages to inspect it as far as practicable to see that it is in a fit condition to be received. On 
many occasions, however, owing to his requiring rest, etc., it unfortunately happens that unfit cargo finds 
its way on board. He is probably aware of this, and his next duty is to pay great attention, so far as lies 
within his power, to the manner in which the cargo is stowed. But I will leave the question of the 
attention required for frozen meat or any other commodity, and deal just briefly with that over which 
he has no control, namely, the carriage of apples. 

I suppose most of you know that unfortunately that valuable commodity is not pre-cooled. ‘The 
frozen meat, butter, etc., is pre-cooled, so that the duty of the engineer is to maintain it in a frozen state, 
and the demands on the machinery in this case are not nearly so excessive as in the other. This fact 
emphasises the importance of dunnage battens being carefully laid to separate the case goods from one 
another, in order to ensure a definite air channel between each tier. 

Quite recently three experts were sent out from Teddington at the shipowners’ expense to discover 
as far as possible the cause of trouble with apples—the trouble of brown heart. They carefully went into 
the loading, and watched from day to day the refrigeration. They found that it took about a fortnight 
in each ship to extract the heat necessary in order to land that cargo in marketable condition. This in 
itself emphasises the importance of dunnage battens. I have visited Teddington to see some of the 
models they have made, representing as far as possible the practical conditions under which apples are 
carried, and although their experiments were carried out on a miniature scale, there is one thing they 
did prove which is emphasised in Mr. Gordon’s paper, and which will have to be enforced, no doubt, as 
a result of their investigations, and that is the all-importance of providing vertical air courses. You 
will observe that the latter is specially recommended on page 4 in the paragraph dealing with “ Fruit,” 
although this paper was drawn up and read before these results were made known. It is absolutely 
essential for the safe carriage, and for ensuring satisfactory circulation throughout that cargo, that there 
should be vertical channels at intervals in the holds which carry these non pre-cooled goods. 

I have already referred to the position of the engineer on a refrigerated vessel—it is, as I say, most 
trying for him throughout the voyage, because he is held partly responsible for the results—and I am glad 
to say that recently one of the companies in London has issued special instructions, in which they 
recognise the engineer. They say :— ; 

“ During loading the officers should carry out a careful and continuous supervision of the 
stowage, and the chief engineer should be consulted on all matters appertaining to stowage of 
cargo.” 

So that they have come to recognise the part the engineer plays in the successful carrying of the 
valuable interest which is at stake. 

I need not attempt to refer to this paper at length, because being one with an extraordinary lot of 
facts marshalled together in a small space, it is most instructive, and I think the Association very 
fortunate to have it added to its transactions. 


Mr. A. Ewrne. 


The author has given us a most interesting and instructive paper, but one that leaves very little scope 
for relevant criticism, so we take up the attitude of that very objectionable type of speaker, who always 
thinks a little more might have been said (and proceeds to say it). 

Mr. Ruck-Keene has already noted that a table of suitable temperatures for various kinds of cargo 
would be an acceptable addition to the paper. 

Perhaps the author would also tell us what he considers should be the permissible rise in temperature 
during the twelve hour period after the cooling down test as required by Rules of Lloyd’s Register 
(Section 2, Clause 4), 
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Regarding the carriage of fruit, the paper stresses the necessity for efficient ventilation, and outlines a 
system of stowage in banks one tier high and five cases athwartships, with 1 inch spaces athwartships and 
8 inches vertical and fore and aft. 

There is now on the market a form of corrugated steel dunnage which separates all cases on all sides 
equally. This system, I think, should ensure closer stowage and more uniform ventilation. 

Captain Colonna has referred to the trials of a loading port surveyor, and regards hatch grids as an 
affliction. In view of the author's statement that the bulkhead and side pipes are more efficient than the 
overhead grids, it would appear questicnable whether the hatch grids are worth their cost and worry to all 
concerned, not forgetting the loading port surveyor. 

I join with others in thanking Mr. Gordon for his instructive paper. 


Mr. W. Warr. 


Mr. Gordon has explained that the title of his paper should have been “ The Stowage” (not “ The 
Storage”) of Refrigerated Cargo on Board Vessels. 

In thus narrowing the scope of his paper, I trust he is only leaving the way open for a more complete 
treatment of the larger question of “ storage,” which involves not only stowage, but tie efficient preserva- 
tion of the cargo after it is stowed. We will look forward with keen anticipation to a future paper on 
this subject by Mr. Gordon. 

Mr. Gordon’s argument may be summed up in one word “ ventilation,” and he gives practical details 
as to how this ventilation is to be secured, which must be of great benefit to those engaged in the loading 
of such ships. At the same time, some information as to the reasons for the system suggested, and some 
information as to the conditions which are likely to be encountered after the cargo is stowed, would add to 
the value of the paper. The author does refer in places to the question of suitable temperature, but the 
information given is scarcely sufficient for general guidance. 

I cannot pretend to be an expert on the subject of Refrigeration, but I happen to know several people 
who are engaged in this trade, and have discussed the paper with them. Their opinions may be useful. 

An Inspector of Smithfield Market who has visited most of tle ports from which refrigerated cargoes 
are shipped, was somewhat surprised to find, on examining carcases of meat on arrival in this country, that 
putrefaction had set in at some part of the carcase, while only an inch or two away the meat was perfectly 
sound and wholesome, The unsound portion was found to eatend in a narrow strip across the carcase, and 
further investigation revealed the fact that this strip corresponded to the position of the dunnage battens, 
showing that through lack of complete air circulation the temperature control in way of the battens had 
not been as complete as it should have been. 

Cases of this kind are still met with. This experience supports the author’s contentions, but 
suggests that while the dunnage battens may be increased in depth, they should be reduced in breadth. 

With regard to cheese, my informant No. 2, who is a wholesale importer, disagrees with the 
temperature recommended by the author, viz., 40° to 45° F., and stated that if he knew the temperature 
had gone below 50° I. he would at once reject the consignment. In his opinion the soft, pasty 
character of much of the imported cheese is due to the temperature being too low during transit, and he 
pointed to the fact that cheeses are stowed on shelves, generally top shelves, in the shops and warehouses 
for long periods at ordinary atmospheric temperatures without showing any deterioration. As a matter 
of fact, like good wine, they improved by keeping. Care must be taken, of course, to preserve the outer 
skin intact. 

The carriage of fresh fruit has for many years been a difficult problem to the shipper, and the 
problem has not been solved yet. 

Bananas, oranges, lemons, etc., have to be plucked when they are as hard as paving stones, in order 
that they may be eatable when they reach the consumer. A fruit grower once told me that the real 
flavour of any fruit is only imparted in the last 24 hours of the ripening process. What chance then has 
imported fruit to develop its natural flavour ? 

Some time ago | tasted a lemon which had been plucked from the tree when fully ripe, and its 
rich flavour was vastly superior to that of the lemons we buy every day in this country. It was one of a 
sample batch which had been conveyed in a special retainer, and I was assured by those in a position to 
know that its natural flavour was unimpaired. 


Instead of being stowed as described by the author, the fruit was placed in a metal container, each 
fruit being kept apart by means of wood shelves, and instead of making provision for the escape of gases 
the lid was hermetically sealed, and the container partly exhausted of its air. The fruit was carried in 
the ‘tween decks without insulation, but kept well away from any source of heat. The experiment is 
to be carried further, and if the preliminary results are confirmed it may revolutionise the carriage of 
fruit, and open up to us many of the delicacies which we have heard about but never tasted. 

[ thank Mr. Gordon for his most interesting paper. 


Mr. E. W. Buocxsipes. 

Mr. Gordon has introduced an interesting and important subject for discussion at the first meeting of 
the new session of our Association. No criticism can be made as to the quality of the paper, but one is 
inclined to feel, after reading through the limited number of pages, that his appetite is far from being 
satisfied and, like Oliver Twist, he desires more. Consequently, my brief remarks will be confined to 
asking questions with the object of obtaining further information. 

Perhaps the author will be good enough to give us a few further details in regard to the stowage of 
chilled meat. [s the carriage of chilled meat subject to time and distance of voyage? It is understood 
there have been difficulties in transporting meat from Australia and that the trade is practically limited to 
the carriage of frozen meat. Experiments have been carried out for preserving the meat by chemical 
treatment but, hitherto, it has not found favour with British shipowners, although used by South 
American and continental firms. 

No reference is made in the paper to the storage or stowage of fish. The carrying of sufficient ice at 
sea to meet the needs of every voyage, has always appeared to me to be a prehistoric method of preserving 
the cargo of a trawler or fish carrier. There has been reluctance on the part of fishermen to adopt modern 
methods for increasing the efficiency of their trade. This attitude was very noticeable when the small 
paraffin motor engine became a commercial proposition, but once the “ice was broken” the advantages of 
an installation were quickly appreciated by tne fishermen with sailing craft. Certain trawling companies 
are now beginning to see the necessity for the provision of a proper system of refrigerated spaces, and new 
vessels are thus being equipped. 

It may be of passing interest to state when dealing with this subject that the regulations for 
measuring the tonnage of ships with insulated holds always seems to me to penalise this type of vessel. 
No matter what thickness the insulation may be at the sides of the ship in excess of the standard 
thickness of sparring, the transverse tonnage breadths are always measured to sparring of an extreme 
thickness of three inches. ‘The under-deck, gross and net tonnages are, therefore, comparable to the 
standard ship, but do not strictly represent the actual ship. The very opposite effect is seen with the oil 
ship. Whichever way the tonnage is measured, the freeboards are unaffected, because you correct back to 
the standard ship. 

The author deserves our thanks for contributing a valuable addition to the transactions of the 
Association. 


Mr. J. 8S. Ormiston. 


Mr. Gordon has given us in this paper a short and concise account of methods of stowage of 
refrigerated cargoes in vessels. 

The few remarks I would make are interrogatory in nature, and I should like to ask the author to 
make clear one or two points. 

The author states that the greater the difference in temperature between the hot and cold sides of the 
insulation, the greater will be the amount of heat which will flow through the insulation. I take it the 
temperature gradient across the insulation must be of importance, and it would be of interest if the author 
would give us some information on this point. Considerable differences of temperature must obviously 
exist from conditions aboard ship. How high is it safe for this difference of temperature to be as between 
the hot and cold sides of the insulation ? 

At the bottom of page 1 the author says no refrigerated produce is to be stowed in direct contact with 
the insulation. Is this entirely prevented by the 2 inch battens on the inboard face of the insulation ? 


At the foot of page 3 the author states that in the case of chilled beef the hindquarters are hung 
direct from the rail and the forequarters suspended below the others from chains. I should be glad if the 
author would indicate how the chains for suspending the forequarters are prevented from damaging the 
hindquarters, which I take it are immediately above the forequarters. 

should like also to ask the author what special arrangements are provided in end holds or other 
spaces where the insulation wall may depart from the vertical. Is there any particular liability for hung 
chilled beef to be damaged on account of this ? 

I would suggest that the author might, with advantage to those who are not so familiar perhaps with 
this subject, show a few sketches of sections through insulation and battens at the ship’s side, inner 
bottom, bulkheads, and in way of hatchways, showing rails for suspending chilled meat, and any other 
particular the author might think of use. 

Speaking from the ship side point of view one naturally looks for some information there might be of 
a direct or connecting link between the structure of a ship intended for refrigerated cargo, and the fittings of 
the refrigerated chambers themselves. Ships intended for this trade have, of course, special arrangements 
in the design of their framing, side stringers and deck girders in order to reduce projections as much as 

ssible. 
oe In conclusion, another point I should like to ask a question about is whether particular insulations 
have been found most suitable for particular cargoes. 

I would join with others in thanking Mr. Gordon for this valuable and interesting paper. 


Mr. A. G. AKESTER. 


There is one point which, so far, has not come under discussion, and which I do not see specifically 
mentioned in the paper, though perhaps relevant to it, and that is the length of time refrigeration can 
be relied upon without the value of a cargo becoming impaired. 

Perhaps the author could favour us by giving in his reply some indication of this for the principal 
refrigerated cargoes carried in ships. 


Tuer PRESIDENT. 


In the opening paragraph of his paper Mr. Gordon might have added that the present state of 
excellence of the refrigerating installations on board ship is in a great measure due to the efficient manner 
in which the Surveyors to Lloyd’s Register of Shipping, both at home and abroad, carry out the surveys, 
and to the intelligent and careful attention which the engineers in charge of these installations unceas- 
ingly exercise. It is a matter of congratulation to all concerned that the refrigerated cargoes are now 
prepared, conveyed, transported, stored, and finally placed on the market in such an excellent and 
appetising condition. 

The Author rightly states that the transverse battens on the tank top insulation should be placed 
in line with the fixed battens on the ship’s side insulation. In addition to this method ensuring 
continuance of the air channels, or courses, it also ensures in those cases where wood grounds are 
employed in the construction of the tank top insulation, that the greater portion of the weight of the 
cargo in the hold will be borne by the framework of the vessel, and thus relieve the insulation between 
the grounds from unnecessary pressure if, as should be the case, the wood grounds are placed 
immediately over the reverse bars of the tank floors. 

For similar reasons, as regards the desirability of standardising the dimensions of boxes and crates, 
if such standardisation is determined upon, it would not be out of place to consider the question of the 
spacing of the floors in the vessels with respect to the external dimensions of the boxes and crates. 

With reference to the suggestion regarding the precautionary measures of cleaning and sterilising the 
staging, and other lumber used during loading of the cargo, attention might have been drawn to the 
undesirability of the use of disinfectants which are odorous. 

It is most important that any sterilising agent employed should be non-odorous in order to avoid 
tainting the refrigerated cargo. In one case an officer carefully cleaned out the hold bilges and used a 


solution of carbolic acid to disinfect them thoroughly ; unfortunately the odour of the carbolic acid 
penetrated into the cargo chambers and tainted their contents. 

During the discussion Mr. Ewing asked certain questions about the Society’s Rules for cooling tests 
of new installations. As this matter is outside the province of this paper, I may explain that the Rules 
do not place any time limit for the duration of the cooling down process, which may be extended over 
days, if circumstances permit. 

The essential point in the test is that, after the holds are cooled down, and the machinery and 
cooling appliances have been shut off, the temperature in the holds after the expiration of about 12 hours 
should be approximately that for which the installation is certified. In other words, the cooling test is 
for the purpose of ascertaining whether the insulation of the holds is efficient. 

To revert to the main subject, the Staff Association is to be congratulated upon the inclusion of 
Mr. Gordon’s paper in its transactions. The paper is full of useful information, and I trust that his 
success as an author will induce him to give the Association another literary contribution at an early date. 

I desire to add my thanks to Mr. Gordon for his paper, which, I assure him, | find of great interest. 


CORRESPONDENCE. 


Mr. J. E. Mitton. 


In common with the rest of my colleagues, I wish to express my thanks to Mr. Gordon for his valuable 
paper. 

Mr. Gordon’s paper is on a subject which is of great importance both to shippers and consignees, and 
his remarks on the necessity of, and the means provided for, ensuring free passage of the weak convection 
air currents throughout the mass of the cargo required to be kept refrigerated, deserve careful consideration. 

Two cases in which considerable damage occurred to cargo, each the result of an oversight, come to 
my mind. In the first case the cargo (cheese), loaded in New Zealand in round crates, was carried in an 
upper ‘tween deck space with instructions to keep the temperature about 50°F. On opening up the 
chamber at the port of destination in the U.K., the majority of the cheeses were found to have softened 
and partially run out of their boxes, and to be in such a condition as to be unuseable for food—and this 
during the War! The method adopted for refrigeration in this instance was brine circulation through 
the side and bulkhead grids only, the overhead piping not being used. Close sheathing was fitted to side 
piping with the object of promoting rapid convection currents throughout the cargo on the starboard side, 
this sheathing was fitted open top and bottom (see sketch), but unfortunately the sheathing on port side 
was fitted tight down on to a fore and aft brine lead box passing through the chamber to the next hold, 
although open at top. The want of an opening at the bottom, of course, defeated the object of the 
ghee ceiling and rendered the port side grids inoperative. This, I believe, was the cause of the above 

amage. 
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In the second case, meat carried in a “tween deck chamber immediately abaft the engine room, 
arrived with bad damage at forward end of chamber on starboard side. ‘This damage was attributable to 
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a sctipper pipe wrongly fitted and left open when cargo was loaded. This pipe, instead of being trapped 
and discharging into the hold below, had been led through the bulkhead down to engine room bilge 
untrapped. Warm air from engine room thus had unhindered flow into the chamber, with consequent 
damage to cargo in vicinity. 

I fail to see, although the author says it is obvious, how the side and bulkhead brine pipes have much 
greater effect in inducing rapid downward convection currents than have the overhead pipes. Later on 
he says that heat is carried off (presumably upwards) through vertical channels formed by cargo 
battens on sides and bulkheads. The two statements appear to me to be rather contradictory. In my 
opinion, downward convection currents are far more due to the overhead piping which forms the greater 
portion of the cooling medium in the chamber, than to the side piping, and I think it is arguable that 
return currents in general sweep up the sides and bulkheads, and where they come into contact with cold 
grids deposit moisture in cooling, and arrive at the top in a colder condition than they would if the side 
pipes had not been fitted. 

The importance of the maintenance of an even temperature in cargo chambers throughout the voyage 
might well have been emphasised in the paper. Fluctuation, however small, means abstraction of moisture 
from stored goods during rise, and deposition of moisture upon goods during fall of temperature. This 
points to the desirability of machine running continuously, and further, to forced circulation of chamber 
air, for the attainment of the best results. Natural convection currents can only be obtained through 
differences of temperature existing in various parts of chamber and where, as in the carriage of chilled beef 
it is found necessary to run the brine as near as practicable in temperature to that of the chamber air, 
these natural convection currents must be very weak and slow, and local heating, if they are impeded, may 
ensue. 


Mr. L. C. Davis. 


Mr. Gordon gives an interesting description of methods of stowing refrigerated cargo on board vessels. 
The subject will be fresh to most of us as the operations cannot be seen in this country, whilst to those of 
us who have been “freezers,” his narration recalls the interesting points in a period of our experience 
regarded generally with mixed feelings. 

The author mentions the practice of carrying metal ingots under a frozen cargo, and it is an excellent 
one, in that it reduces the risk of the temperature rising to a dangerous degree in the event of the 
refrigerating machinery being stopped beyond the usual period, and thus gives an increased chance of any 
necessary repairs being effected without incurring the risk of damage to the cargo. 

A sharp rise in temperature always follows the first cooling down of a hold containing ingots, this 
rise is less marked after subsequent cooling and when the metal is finally “frozen” through, the 
temperature of the hold is much more stable than that of similar holds not containing ingots. 

Under loaded conditions the temperatures taken before re-starting the refrigerating machine show 
that the holds containing ingot metal are a few degrees lower than in other compartments, say the ’tween 
decks, but: the temperature falls more slowly, and upon completion of the “run” the former will usually be 
found to be slightly warmer than the latter. After the brine has been circulating for some time they will 
usually level up. 

‘Yo get an accurate comparison it is well to change the thermometers from time to time as there is 
unfortunately a considerable want of uniformity in the indication of these instruments. It is quite 
common for one particular “temperature” to show consistently lower than others in the vicinity, until for 
some reason the thermometer is changed when it will usually be found to conform more closely to the 
mean. 

It is a pity that more protection cannot be given to thermometer plugs on weather decks, as the 
unscrewing of these in bad weather involves risk of water entering the tubes. 

in a modern refrigerating installation there are so many alternative ways of working any part of the 
system that damage to cargo from mechanical breakdown is extremely rare, yet frozen cargoes do not 
always arrive at the destination in perfect condition on account of the carcases being crushed out of shape. 
This is generally due to the cargo being shipped soft, the remedy is strict examination at the loading port, 
and the rejection of consignments not frozen hard. 


This fault is caused by delay pnor to loading. Mutton and lamb are sent by train to the loading 
berth in insulated vans, and at ports where the vessels have to lie off at anchor it is brought alongside in 
insulated barges. The trains may be delayed en route, and the barges may be detained by bad weather. 

All possible precautions are taken to ensure delivery in prime condition to home-going vessels. 
Dominion shippers are justly proud of the excellence of their produce, and in their interests alone, the 
examination prior to loading should be thorough. 


Mr. S. Townenp. 


I have read Mr. Gordon’s paper with much interest, as it deals with a part of the problem of the 
transport of refrigerated goods which is generally outside the usual range of survey work. , 

With regard to the last two paragraphs on page 2, the requirement of additional insulation (by means 
of double battens and sawdust) implies that the overhead insulation of the deck below, is not sufficient, 

hereas in the case of ships’ sides and weather decks the frame or beam depth of insulation is found 

enough. J have had cases where this double battening had been asked for at the loading pert, and its 
necessity was questioned, at this side, on the greund of losing space. On other occasions it has been 
stated that, without the double battening, the lower temperature in the hold assisted somewhat in 
regulating the temperature of the ’tween deck, which could therefore be maintained with less brine in 
those circuits. 

The same objection, viz., loss of space, applies where the higher temperature is in the hold, though 
as the author states, moisture will collect below the deck. 

The question is, can double battening be required except to compensate for defective insulation ? 

I thank the author for his paper which will interest those concerned with refrigeration. 


Mr. C. Hastie. 


In so much as the mode of storage of refrigerated cargo on board vessels indirectly concerns the 
surveyor, the instructive and valuable paper Mr. Gordon has written will I am sure be read with very 
great interest. 

To extract the heat from the holds before loading of cargo is commenced is indeed very essential, but 
there are, however, in my opinion, occasions under various conditions where an omission to pre-cool the 
compartments would be considered far from a misdemeanour, and especia'ly in the instance of a vessel 
fitted with the brine circulating system. Take a vessel to load apples for transport at 35°F; the holds 
having been ventilated, it is also known that additional cargo is to be annexed at another nearby port 
making it imperative to re-open the compartments. To pre-cool would not only be a waste of time and 
incur additional expense, but would materially reduce the efficiency of the appliances prior to the initial stage 
of operation of the refrigerant for control of the first temperatures, which is by far the most important and 
governing feature. The opinion expressed by the author that it is obvious the use of side pipes in brine 
piped vessels are much more effective and preferable than those overhead, is indeed questionable, and 
although not wishing to champion the cause of the latter, I feel apt to favour their use under the cireum- 
stances, as they tend to distribute refrigeration more evenly throughout, especially in the carriage of fruit 
in after holds and more so in vessels of the twin screw type where the tunnels greatly interfere with the 
free area. The evolving of cool air currents filtering down by gravity creates a much desirable and greater 
uniformity of temperature, and such movement is coincident with the irrespirable dioxide gas emitted by 
the fruit which it is essential to draw off in part at various intervals. With application of side pipes only, 
the produce situated centrally in the holds is insufficiently refreshed as the distance in some instances is 
considerable. 

Chilled meats are almost invariably carried with overhead grids fitted and a drip would be serious. 
Greater uniformity of temperatures to my mind are more successfully obtained by the application of brine 
of comparatively high temperature over a large circulating area than with brine of a very low temperature 
over a small circulating area. However, the “circulated air system,” not the cold air refrigerating type, 
is very desirable and greatly favoured, being handier and more practicable, although J am inclined to think 
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that caution is necessary in working. A step in the introduction of cool drying and washing would be 
acceptable in view of impinging bacteria now engaging the attention of certain experts. 

I certainly do agree that it is unreasonable to expect cargoes to be discharged at destination in good 
condition unless received on board in equally first class order, but I am sorry to relate there are still to be 
encountered folks who consider the vessel in the light of “ Aladdin’s Lamp’’—capable of accomplishing 
wonderful things, thereby curing many ills. 

As regards cased apples, I should feel greatly obliged if the author would state what he considers 
suitable clearance in the term “well clear of overhead and side grids,” for considerable broken stowage 
can easily result due to excess of clearance, causing damage in transit. 

In conclusion, the cargoes referred to in the paper consist of foodstuffs, and it is interesting to 
note that products of chemical composition, pastes, commercia! cosmetics, printed linoleums, ete., are now 
being freighted under cool temperatures. 


Guascow STarFr. 


A Meeting of Lloyd’s Register Staff Association was held at Glasgow on Thursday, 23rd October, 
to discuss Mr. Gordon’s Paper on “Stowage of Refrigerated Cargo on Board Vessels.” It was 
unanimously agreed that although the paper was somewhat brief it was none the less interesting and 
instructive, and explained to those Surveyors, who have not had an opportunity of witnessing the 
stowage of frozen cargo, the importance of correct stowage for the efficient carriage of such cargo. 

The only point we should like Mr. Gordon to elucidate is the liquid sealed non-return bilge trap in 
a refrigerated chamber—how does this trap operate, and is the liquid a non-freezing mixture. 

We desire to express our appreciation of Mr. Gordon’s contribution to the records of our Association. 


Owing to the untimely and deeply regretted ceath of the Author, Mr. J. S. Gordon, a reply to the 
discussion has been prepared, at the request of the Committeee of the Staff Association, by the President 
(Mr. J. Carnaghan), who was closely associated with Mr. Gordon during his service with Lloyd’s Register. 


REPLY TO THE DISCUSSION. 


Mr. Ruck-Keene has raised some interesting points regarding the temperatures required for different 
cargoes. The approximate temperatures at which the different products mentioned in the paper should 
be maintained are as follows, viz.:—Frozen cargoes, including beef, mutton, lamb, beef cuts, kidneys, 
and offal, at 14° to 15° F., chilled beef 285° to 29}° F., rabbits 14° to 15° F., bacon 35° F., cheese 
40° to 45°F. Butter is generally carried as part cargo, and subject to 14° to 15° F., shell eggs 
29° to 33° F. Fruit temperatures vary, but generally the chamber temperatures should be not less 
than 32° to 85° F. 

With reference to Captain Colonna’s remarks it may be said that where the tank top insulating 
material is damp, and time does not permit of its renewal, the temporary expedient of fitting double 
battens on the floors of the chambers has frequently been adopted with satisfactory results. This method, 
however, curtails the cargo space, and therefore if circumstances were favourable it would be more 
satisfactory to renew the damp material. 

The remarks regarding fire and watertight doors are not clearly followed. It appears that in the 
case cited the coals in the cross bunker had ignited, and it is quite possible that the heat affected the 
formation of the adjacent bulkhead of No. 3 hold. The distortion might open the seams of the plating, 
and thus permit smoke to enter the refrigerated hold. 
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Hatch grids are often a source of trouble, but the present practice of fitting the connecting brine 
cocks in recesses formed in the hatchway coamings aud connecting the grids direct to these cocks, has 
overcome this difficulty. It is, however, necessary to provide proper supports for the hatch grids, so as 
to prevent any movement when the vessel is in a seaway. It is also an advantage to fit shut-off cocks 
at the connecting ends of the brine grids, in addition to those at the hatchway coamings. 

Mr. Balfour's explanatory remarks, generally, confirm the Author’s opinions, and his statement in 
connection with the recognition of the engineer as regards the condition of the cargo and the stowage of 
same are fully concurred in. Many instances have occurred in which serious damage to refrigerated 
cargoes might have been obviated had the engineer been consuited in the first instance. 

The President has given an explanation regarding the Society’s Rules for cooling tests of new 
installations. Mr. Milton, Mr. Hastie, and Mr. Ewing appear to have overstressed the author’s reference 
to the greater effect of the superimposed side and bulkhead pipes in inducing downward convection 
currents as compared with the overhead pipes. It is evident that, in the case of a cargo chamber cooled 
by brine pipes placed overhead and along its walls, the portion of air cooled by the overhead pipes will not 
fall at a uniform rate throughout the chamber because the descending air in the vicinity of the walls will 
always have a considerable quantity of its heat abstracted by the pipes on the walls, whereas that portion 
of air descending near the centre of the chamber will gradually absorb heat from the ascending currents 
of air. It is not suggested that any of the overhead brine grids should be dispensed with, and in the 
majority of cases if might cause damage to the cargo if the hatchway grids were not fitted, as this 
omission would possibly cause the formation of hot pockets in the neighbourhood of the hatchways. 

Local putrefaction in carcases is not uncommon, and it is frequently caused by insufficient cooling in 
the first instance or by the produce being received in a flabby condition, in which case the flesh conforms 
to the shape of the grounds or linings, and this prevents the extraction of the heat at these parts. With 
reference to the carriage of cheese it is not intended that cheese should ripen during its carriage, and 
therefore a temperature of 40° to 45°F. is satisfactory, whereas with a temperature of 50°F. the cheese 
inight overripen at the exposed parts during a lengthy voyage. 

As mentioned by Mr. Blocksidze, a cargo of chilled meat has recently been landed in London from 
Australia. The transportation of this cargo was apparently successful, but it is not known whether the 
additional expense incurred in fitting special gear will prove too heavy to make the experiment a 
commercial success. 

The carriage of fish in refrigerated chambers has been tried, but so far none has stood the commercial 
test, although each system of carriage adopted may have been a practical success. 

The difference in temperature between the hot and cold sides of the insulation may be that of 
tropical heat externally and possibly 14°F. inside the refrigerated chambers. The thickness of the 
insulating material and, in the case of a brine pipe cooling system, the superficial area of the brine pipes 
are arranged accordingly. When frozen meat is carried, the 2 inch battens of the ship’s sides and bulkheads 
and the 3 inch battens on the floor of the chamber prevent the meat from coming into contact with the 
insulation. Chilled beef suspended by chains is not damaged by the latter if the quarters are properly 
stowed. No special difficulty is encountered in stowing chilled meat in spaces where the formation of the 
ship’s sides depart from the vertical. The details of the insulation do not come within the province of 
this paper and, in fact, would provide material for a separate treatise. 

It may be safely stated that with the refrigerating machinery and appliances now fitted on board vessels 
employed on ordinary voyages, there is no reason why the refrigerated cargoes should become impaired, 
provided the produce is suitably prepared and shipped in good condition. 

It is of importance that the wood grounds of the tank top insuiation should be placed immediately 
over the reverse bars of the tank floors, especially where charcoal, silicate cotton, granulated cork or 
similar media are employed. Where sterilising agents are used for staging or for bilges they should be 
non-odorous. 

The instance cited by Mr. Milton in connexion with the carriage of cheese proves that, even 
with the best appliances the lack of forethought may lead to unsatisfactory results. The question of 
scupper pipes leading from refrigerated chambers is one which requires very careful consideration in order 
to avoid damage to cargo. It is of great importance that the temperatures in the cargo chambers should 
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be evenly maintained throughout the voyage and it is to the credit of those concerned in the conveyance 
of refrigerated cargoes that they generally accomplish this. The question of side and overhead grids is 
referred to in the reply to Mr. Ewing. 

The practical experience of the effect of carrying metal ingots under a frozen cargo, quoted by 
Mr. Davis, is noted with interest. So far the use of the thermometer tubes led from the deck to the 
chambers has proved the most reliable method of noting the temperatures in the chambers, and apart 
from the raising of the tube flange above the deck by means of an insulating block, it does not appear 
possible to avoid the effects of excessively bad weather conditions where the tubes are in exposed positions. 
With regard to the point raised by Mr. Townsend, it is thought that double battening on the floors of 
chambers can only be insisted upon in cases of damp insulation. The instances given by the author refer 
to special circumstances. in many cases where superimposed chambers are used for widely differing 
temperatures the top side of the steel deck is fitted with wood planking. 

The remarks of the Glasgow Staff are very highly appreciated. Liquid-sealed non-return bilge traps 
should be fitted to all lower hold insulated chambers, ‘The liquid seal may be either low freezing point 
oil or ca'cium chloride solution ; if the latter, fresh water should be used. This seal prevents any odour 
entering the chamber from the bilges. in addition to the brine seal a non-return valve should be fitted 
at the outlet end of the trap to prevent any excess bilge water displacing the liquid seal and entering the 
chamber. "Tween deck drains only require a liquid seal. 

The conditions regarding the loading of apples, raised by Mr. Hastie, has also been referred to by 
Mr. Robert Balfour. ‘The question of side and overhead grids is referred to in the reply to Mr. Ewing. 
Where cased apples are carried, the distance between the cases and the overhead and side grids should be 
sufficient to prevent excessive cooling of the adjacent apples. That from the side grids would be 
determined by the thickness of the available dunnage, wiile the distance overhead would depend on 
circumstances. In no case should the distance be less than three inches. 


THE STEERING OF SHIPS. 
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INTRODUCTION. 


The task attempted in this paper is to lay before the members of our Association a co-ordinated 
account of the various published researches on the steering of ships. 

In its scope the paper includes an examination of the forces acting on the ship, while turning, the 
manner in which these forces are produced and the factors affecting the turning moment which the 
rudder is capable of exerting. The practical construction of the rudder and steering gear are not 
included. 

The paper is divided into three parts. Part I. deals with the general theory of turning, which in 
itself, is divided roughly into a consideration of three stages of turning (a) the initial deviation from the 
straight course, (b) the transitional period between initial deviation and steady motion and (¢) the period 
of steady circular motion. 

Part II. gives an account of the experimental aspect of the same three stages of the turn and includes 
some discussion of the possibility of predicting the radius of the turning circle by empirical means. 

Part III. contains an analysis of the factors affecting the torque on the rudder stock and the turning 
moment which may be exerted by the rudder on the ship. 

Some notes on steering of ships in shallow waters and canals are given in Appendix III. and on 
heavy weather conditions in Appendix IV. 


PART I. 
THE GENERAL THEORY OF TURNING. 


Section 1. Directional Instability —A vessel, without a screw, rudder or sails, moving ahead, is 
in a state of directional instability. The slightest deviation from a straight course brings extra pressure 
to bear on the outside* bow and produces a turning moment tending to increase the deviation. 

The action of a single screw revolving behind the vessel is slightly to oppose any transverse motion of 
the stern, due to external influences, and thereby to give some directional stability to the ship. (See 
Section 82.) 


THE PERIOD OF INITIAL DEVIATION. 


Section 2. The Forces and Moments Operating.—When the helm of a vessel is put over a 
turning moment is exerted on the ship due to the normal pressure on the rudder and its leverage about 
the centre of gravity of the ship. The moment so developed causes the ship to deviate from her course, 


_ * Throughout this paper the outer side of the ship is intended to refer to that side from which she is turning 
or intends to turn, and the inner side vice versé. 
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but this moment is opposed by the moment of inertia of the ship and the fluid resistances of the 
surrounding water. The rate of deviation will depend upon the ratio of the turning moment to the 
resisting moments, the surplus turning moment producing angular acceleration. As the moment of 
the fluid resistance varies, approximately, as the square of the angular velocity, it may be neglected during 
the initial stage of the turn and the angular acceleration will then be proportional to the ratio between the 
’ en : M : 
turning moment (M) and the moment of inertia of the ship (1), or T The time (t) taken to turn a 
small angle (6) will be obtained from; @ = } T t®, (cf. S = 3 ft for a falling body, before the resistance 


is comparable with the force of gravity) and, by differentiation, the angular velocity after turning for t 
; Mt rt San Z : 
seconds will be 7: These equations apply only to the initial period before the moment of resistance has 


reached a magnitude comparable with the other moments operating. The growing moment of 
resistance, however, soon begins to reduce the angular acceleration, which finally becomes zero. 


Section 8. The Turning Moment.—Fig. 1 shows diagn amatically the normal pressure P acting 
on the rudder at a leverage p from G, the centre of gravity of the ship. It will be seen that 


FIGURE | 


LP The Turning Moment. 


p = GE cos. a + EN, where GE is the distance of the rudder stock abaft the centre of gravity and EN 
the distance of the centre of pressure of the rudder from the stock ; a being the helm angle. The 
turning moment on the ship exerted by the normal pressure, P, is equal to P (GE cos.a + EN). The 
normal pressure P can be resolved into two forces, P,, athwartships and P, in a fore and aft direction. 
The former is opposed by the force of lateral resistance while the latter is called the “ drag” of the rudder 
and reduces the fore and aft speed of the ship. 


Section 4. The Initial Instantaneous Axis.—Professor Rankine attempted to determine the 
axis about which the first rotary motion of the ship takes place. His method was based on the assumption 
that the first effect. of putting the helm over was similar to an impulse on the rudder. This assumption 
cannot be quite true owing to the comparatively slow rate at which the helm is put over. It probably, 
however, approximates to the truth and the construction he gives for finding the initial instantaneous 
axis indicates the following :— 


(1) The instantaneous axis lies on a line through the centre of gravity of the ship parallel to 
the rudder, and its distance forward of the centre of gravity, along that line, is proportional to 
the square of the radius of gyration of the ship and inversely proportional to the leverage of the 
rudder pressure about the centre of gravity. 

(2) It therefore lies somewhat forward of the centre of gravity and on the outer side of the 
middle line, 
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THE TRANSITIONAL PERIOD. 


Section 5. Forces and Moments Operating.—As the ship begins to acquire angular velocity 
and to move in a curved path, centrifugal force comes into play and the moment of fluid resistance to 
angular motion is augmented until it finally balances the turning moment exerted by the rudder. The 
centrifugal force, acting always in an outward direction along the line of the instantaneous radius of 
motion, is opposed by the component of the fluid resistances in the opposite direction. 


Speed and R.P.M.—At the same time the speed of the ship is reduced and so also, to a smaller 
extent, are the revolutions per minute* of the screw, or screws, resulting in an increase of slip. In twin 
screw ships the R.P.M. of the two screws are generally differently affected resulting in a small turning 
moment, often aiding that of the rudder. Meanwhile owing to the unbalanced vertical distribution of 
forces the ship takes up an angle of heel. (See Section 9.) 


Section 6. The Drift Angle.—During the transitional period the ship acquires her drift angle 
which becomes steady when the motion becomes circular and uniform. When the ship starts to turn the 


IGURE 2 
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turning. 


bow swings inward, #.e., to a position inside that of the path of the centre of gravity of the ship. The 
drift angle of the ship as a whole may be defined as the angle which the middle line of the ship makes 
with the tangent to the path of the centre of gravity, represented in Fig. 2 by the angle F G A, and 
referred to throughout this paper as the angle @. It will be readily understood from Fig. 2 that the 
local drift angle, as also the local radius of path, will be different at various parts of the ship and these 
are referred to in this paper by suffixes, thus ; and Ry refer to the drift angle and radius of path at the 
rudder stock, $; and Ry the same quantities at the bow and so on. It will be seen from the figure that 
$y is of opposite sign to @ and $, and hence at some point O, between the centre of gravity and the 


* Referred to as R.P.M. throughout the paper. 
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bow, $0 will be zero, the tangent of the path of that point coinciding with the middle line of the ship. 
This point, O, is the point about which the ship appears, to those on board, to pivot and is therefore 
known as the pivoting point. (See Section 7.) 


During the transitional period the value of the drift angle appears gradually to increase, reaching its 
maximum value when steady motion sets in. 


The consequences of the existence of drift angle are as follows :— 


(1) The bow and the stern of the vessel move along paths of different radii, the difference 
often amounting to 4 or 5 per cent. 


(2) Loss of speed. This is partly due to the fact that the screws are delivering their thrust 
at an angle to the path of the ship, but due, to a greater extent, to the enormous resistance to 
motion brought about by the oblique movement of the ship through the water. The total loss of 
speed is often a third of the speed on a straight course with the same engine power and in 
exceptional cases may even amount to 45 per cent. 


(3) Reduction of effective helm angle. (See Section 8.) 


Drift angle increases with rudder area, other things being equal and Prof. Hovgaard thinks that, 
both from experimental and theoretical considerations, it is independent of speed. (See Section 30.). A 
large drift angle is characteristic of good turning qualities. 


Section 7. The Pivoting Point.—At the first instant of rotary motion the pivoting point must 
coincide with the instantaneous axis but immediately the path of the ship becomes curved the two points 
separate, the instantaneous axis then becoming coincident with the centre of curvature of the path, and 
the pivoting point moving to a position on the middle line of the ship. The actual distance of the 
pivoting point forward of the centre of gravity and the value of the drift angle are inter-dependent and are 
related by the equation :—GO = Rsin >. (See Fig. 2.) A large final value of GO means, therefore, a 
large final drift angle and is associated with good turning qualities. 


In the case of the Japanese battleship “ Yashima” the final position of the pivoting point was found 
to be practically at the bow, but it usually lies between one-eighth and one-quarter of the length abaft 
the bow. 


Like the drift angle, the position of the pivoting point is probably independent of speed and may be 
expected to move forward with increase of helm angle. 


Section 8. Effective Helm Angle.—It will be seen from Fig. 2 that owing to the existence of 
the drift angle, $;, at the stern, the effective helm angle will be less than the apparent helm angle, a, by 
an amount equal to $,; or, effective helm angle = (a — $,). This statement is based on the assumption 
that the water in the neighbourhood of the rudder is flowing, relatively to the ship, in the direction of the 
tangent to the path of that point, which assumption, however, is not quite true owing to the directional 
influence of the ship herself on the stream lines flowing round her. 


In this connection the trials of the airship R33 are interesting and shew that, up to about 13° of 
helm, the drift angle at the rudders was greater than the helm angle, or, in other words (a — ,) was a 
negative quantity. In this case the airship clearly received a turning moment from the rudder by virtue 
of the guiding effect that the fore and aft fins, placed in front of the rudders, exerted upon the streams. 


The actual effective helm angle at any moment is, therefore, not easy to calculate but there seems 
every reason to believe that during the transitional period it undergoes considerable changes and finally 
settles down at a value which is less than a. 


The pressure on the rudder is less than the calculated pressure due to the angle a, not only through 
the effect of the drift angle but also owing to the fact that the stern is continually swirging away from the 
pressure. Thus if, during the transitional period, the stern starts to swing before the full helm angle is 
reached the pressure on the rudder will never reach that due to the full helm angle. 


It is stated that in modern warships the effective helm angle is never more than 25° but it is probable 
that in cargo vessels, where the turning is relatively slower, an effective helm angle more nearly approaching 
the apparent angle is reached, 
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Section 9. Angle of Heel. When the helm is first put over the pressure on the rudder, acting 
outwards and generally well below the centre of gravity of the vessel, will cause the vessel to heel inwards. 
As the vessel acquires angular velocity and the path becomes curved two new forces are brought into play, 
viz., the centrifugal force acting outwards through the centre of gravity and the lateral resistance of the 
water opposing it in an inward direction and acting at a point probably slightly less than half the draft 
below the W.L. These two forces ultimately far exceed the pressure on the rudder which in ordinary cases 
may therefore be neglected. ‘The angle of heel for ships of normal type may be obtained from the following 
approximate equation :— 


(H— ove 


BI = os EM SCT 
Where @ = Angle of heel (degrees), 

H = Distance of CG above keel (feet), 

D = Draft (feet), 

V = Velocity during turn (in feet per second), 

GM = Metacentric height (feet), 

R = Radius of curvature of path (feet), 

This formula neglects the effect of the pressure on the rudder and the effect of the drift angle which 


causes the centrifugal force to act at an angle } from the line of action of the lateral resistance, the latter 
error, however, being proportional only to (1 — cos $) and > being, generally, a small angle. 


Le Lateral Resistance 


Pz Component of Rudder Jorce ina 
direction perp? fo M.L. of Ship. 


Shallow Draft Vessels.—The above method is substantially accurate for ships of normal type but 
shallow draft vessels, such as destroyers, differ from the normal ship in two important features which may 
even result in causing an inward heel throughout the turn. 

These features are :—(q) the rudder is often large and situated low down, resulting in a large heeling 
moment from the rudder pressure ; (}) the centre of gravity may be near the point at which the lateral 
resistance acts, resulting in a small arm to the couple exerted by the latter and the centrifugal force. 

In order to find the angle of heel in such a case moments may be taken about the point at which the 


, [ ‘ ; 
lateral resistance acts or, Say, S-approximately. (See Fig. 3.) 


The equation for heeling now becomes :— 


; P D 
SMD [ft ok ae aa ey ee — 
in © = arzw (5 —}) 
with notation as in the previous formula, and where 
P = Component of rudder pressure perpendicular to middle line of ship (tons), 
W = Displacement (tons), 
h = Distance of centre of gravity of rudder above keel (feet). 


v*(H- 4) 
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32 x GM x R 


Section 10. Summary of Transitional Period.—During the transitional period the following 
things have happened : (1) The vessel has acquired angular velocity and suffered reduction and ultimate 
extinction of angular acceleration owing to the increase of moment of resistance. (2) The speed, and toa 
less extent R.P.M., have been reduced. (3) Lateral resistance and centrifugal force have been developed. 
(4) The ship has obtained a steady drift angle and pivoting point. (5) She has settled down to a steady 
angle of heel. (6) The effective angle of helm has become less than the apparent angle. 


THE PERIOD OF STEADY MOTION. 


Section 11. The Character of the Path and the Stream Lines.—It has been found, within the 
limits of experimental error, that after the motion has become uniform the ship moves in a circular path. 


FIGURE 4 
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This may be taken to be the case after a ship has turned 180° and is often the case even earlier in the turn. 
It can therefore be assumed that every part of the ship is moving in a circular path about a common 
centre, C, but owing to the presence of drift angle different parts of the ship will be moving along circles 
of different radii. 

It will be well, at this point, to consider the nature of the fluid pressures acting on the ship. For 
this purpose the ship may be imagined as stationary and the water to be flowing in concentric stream lines 
round the centre of the turning circle, as shewn in Fig. 4. 

Owing to the forward position of the pivoting point there will be a reduced pressure on the outer bow 
and a much increased pressure due to the retarding of the streams on the outer quarter. On the inner 
bow, however, the streams will be retarded, resulting in an increase of pressure at that part. After this 
retardation the streams will be accelerated all along the inner middle body and even towards the quarter. 

These alterations in pressure will cause the resultant pressure to act at a point abaft the centre of 
gravity, the distance abaft depending greatly on the amount of deadwood, forward and aft. 

There will be a reduced pressure on both quarters just forward of the screws, but these will probably 
nearly balance each other. ; 


fi; 


Section 12. The Forces and-Moments Operating.—Since a state of steady motion obtains, all 
the forces acting on the ship must be in dynamical equilibrium. These forces are (See Fig. 5) :— 

(1) The thrust of the screw or screws (T), in the direction of the centre line, which maintains 
motion ahead. 

(2) A turning couple (L) due to inequality of the thrusts of the two screws, in a twin screw 
ship, or, to the turning effect of the screw in a single screw ship. This may hinder or assist the 
turning of the ship (— L or + L respectively). 

(3) The normal pressure (P) on the rudder acting at a leverage (p) about the centre of gravity 
(G) of the ship. The magnitude of this force is dealt with in Part III. of this paper, and that 
of the lever p is given in Section 3. 


QzeXsinv 5 
f 


D= CG of Middle 
Line Plane R Re 
| 


k FIGURE 5 


a er 


GD= 4 
GOs b 
b-4 
| 


(4) The centrifugal force acting outward through @ in the direction of the radius R. This 


; Mv’ : : ; : F 
force is equal to zt” where M is the mass of the ship, v the tangential velocity of G while 
av 


turning, and R the radius on which the point G is turning, M should, strictly speaking, represent 
the “ virtual” mass of the ship including the eddying water which moves with the ship. 

(5) The resultant (X) of all the fluid resistances around the ship, excluding the pressure on 
the rudder. This resultant force holds the other forces, 1 to 4 mentioned above, in a state of 
dynamical equilibrium and acts at an angle, y, to the middle line of the ship and at a distance a, 
abaft the centre of gravity. 
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Section 18. The Equations of Motion.—These equations, for a vessel in a state of steady 
circular motion, can now be obtained by resolving the forces into components along and perpendicular to 
the longitudinal axis of the ship, and by taking moments about the centre of gravity, thus :— 

Resolving perpendicularly : 
J 72 


pA 


X sin py = Ros % + P cosa estat ee (1) 
Resolving longitudinally : 

X coop = T-Psina- “sing Perec eee (2) 
Taking moments about G : 

PALO 0h 11 Vee 5 hed a el FS ee (3) 


The moment of the couple L due to the screws (see Section 12, (2) ) is usually so small as to be 
negligible compared with Pp except in cases in which the screws are used to assist turning. 


Section 14. The Lateral Resistance —In analysing the results of a number of steering trials 
for different ships, Prof. Hovgaard found that the angle y was always large and generally lay between 84° 
and 88°. The size of this angle indicates that the force of lateral resistance (called Q in Fig. 5 and = X 
sin y) is the chief component of the resultant fluid resistance X, being greatly in excess of the fore and aft 
resistance. The author believes that, while it would not necessarily be correct to describe the point B 
(Fig. 5) as the “ Centre of Lateral Resistance,” yet that centre cannot be far removed from B, seeing that 
the resultant and the lateral component of resistance are so nearly equal. 

It will be shewn, in Section 29, how Prof. Hovgaard succeeded in relating Q and a to known factors 
in the design of the vessel. 


RELATION BETWEEN DESIGN AND STEERING EFFICIENCY. 


Section 15. Sensitiveness to Helm.—The factors which govern the speed with which a vessel 
answers her helm are as follows :—(1) The rate at which the helm is put over, (2) The magnitude of the 
turning moment impressed on the ship by the rudder pressure, (3) The longitudinal moment of inertia of 
the ship about a vertical axis through her centre of gravity, (4) The moment of resistance to turning 
exerted py the water. These points will now be considered separately in their relation to the design 
of the ship. 


Section 16, Rate of Obtaining Helm Angle.—The rate at which the helm is put over is not, 
in these days of mechanical steering, a problem of serious importance. 

In the early days of screw steamers, when steering was effected by hand, the time required to reach 
the maximum helm angle considerably affected the tactical diameter of the ship. In many cases, with all 
the men that could be employed on the wheels and relieving tackles, no approach could be made to the 
full angle of helm. A record from the early ‘sixties shews that the ** Black Prince” made a complete turn 
in 8 mins. 33 secs. with the helm at 28°, that being the maximum angle obtainable with forty men at the 
wheels and tackles. 

With a steam-steering engine available, however, almost any required speed of putting the helm over 
can be commanded. In the “ Yashima,” for example, maximum helm angle could be obtained in 8 secs. 
with the ship steaming at 174 knots. 


Power of Steering Engine.—The following method is suggested as being applicable to the 
determination of the horse power required from the steering engine. 

On a base of helm angle plot a curve the ordinate of which at any angle a° is the calculated moment 
of rudder pressure about the axis of the pintles. If a second curve be drawn representing the first 
integral of the original curve, its ordinate at any angle a° will represent the work done in putting the 
helm over from 0° to a” (cf. statical and dynamical stability curves). The time, t seconds say, in which it 
is required to peform this work, W foot-tons say, can then be selected and an engine developing an 


effective horse-power of ub. will be required. 
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Section 1'7.—The turning moment exerted by the pressure on the rudder will be dealt with in 
Part III. 

The longitudinal moment of inertia of the ship cannot be greatly controlled by the naval architect 
since the longitudinal disposition of weights is subject to so many considerations in the design other 
than steering. 


Section 18. The Moment of Resistance.—The resistance to turning can, on the other hand, 
be controlled to a great extent. It is chiefly dependent on the amount and disposition of the deadwood, 
keel and bilge keels and on trim ; it is also dependent on fineness of form, but this again is a feature 
generally determined by other considerations. 

In order to investigate the effect. of deadwood, the Admiralty, some years ago, cut away the after 
deadwood of a steam pinnace in three stages and after each removal obtained marked improvement of the 
steering qualities. The forward deadwood must also exert some influence on steering, but being much 
nearer to the pivoting point its effect is less marked. 

The fitting of a bar keel and bilge keels by increasing the moment of resistance also reduces the 
steering facility of the vessel. When bilge keels are fitted they should, therefore, be kept as far forward 
as possible in order to exert a small moment about the pivoting point. 

Excessive trim by the stern is another feature which will increase the moment of resistance, while a 
slight trim by the head might reduce this moment and so improve the steering qualities of the ship. 

It should be borne in mind that, while the moment of resistance is affected by the position of the 
chief resisting features relative to the pivoting point, these features themselves influence the position of 
the pivoting point, thus shewing the complex nature of the problem. 


PART II. 
THE EXPERIMENTAL ASPECT OF STEERING. 


Section 19. Tracing the Path.—The accurate measurement of the path which a ship traces whilst 
turning was a problem which offered considerable difficulty to the earlier experimenters. The methods 
employed were gradually evolved from that of taking the mean of the guesses of all on board, up to 
Wellenkamp’s method, in which, by means of a float towed from a dynamometer, and a gyroscope, the path 
of the ship could be laid down without reference to any external object. 

The latter, however, is complicated and costly, and the method most usually employed is that invented 
by M. Risbec in 1876, which is carried out as follows :—a floating buoy is placed somewhere near the centre 
of the path along which the ship is likely to travel; observations of this buoy are taken simultaneously by 
two azimuth instruments placed one at either end of a base line on the deck, parallel to the middle line ; 
at the same instant an observation is taken from the bridge of the angle between the ship’s head and the 
bearing of a distant fixed object. Thus, at the moment of taking these readings, the position of the ship 
in relation to the buoy and the angular position of her middle line in relation to the bearing of the 
distant object are known. 

The first set of readings are taken at the instant when the helm starts to move, and subsequent readings 
are taken after the centre line of the ship has turned 45°, 90°, 135°, and so on, as indicated by the bearing 
of the distant object. In this way a series of triangles are obtained whose base lines are the pre-arranged 
base line on the ship, whose apices are the buoy, and in which the angles at either end of the base line have 
been measured by the azimuth instruments; further, the directions of their base lines relative to the 
original course are known. Fig. 6 shews three such triangles from which it will be seen that the approxi- 
mate path of the ship’s CG can be traced, approximate only, because the path between the points at 
which readings were taken is not known. 

From the curve so drawn the drift angle can be roughly estimated, but for more accurate measurement 
this angle must be calculated from the local drift angle, measured either beyond the bow by means of a 
small vane supported from a frame rigged out from the stem or at the stern by a towed float. 
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Section 20. Correction for Leeway.—In the above method of tracing the path of a ship the 
buoy is floating freely, so that the effect of tide or current would be the same on buoy and ship. With a 
strong wind, however, the ship is likely to make more leeway than the buoy, in which case the path plotted, 
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FIGURE 6 
Risbec’s_ Method. 
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as in Fig. 6, will appear distorted and will have to be corrected as follows :—in Fig. 7 let a, b, ¢, etc., be 
the observed positions of the ship after turning 0°, 45°, 90°, etc., and suppose I’ be the position at which 
it is judged from other trials the ship ought to have arrived after turning 360°, assuming there had been 
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Section 21. The Initial Deviation—In Section 4 it was pointed out that the initial 
instantaneous axis of turning lay somewhat forward of the centre of gravity. This theory is borne out by 
experimental results which shew that the first motion of the centre of gravity is in an outward direction in 
relation to the straight course. Exceptional cases have occurred in which the whole of the ship has passed 
outside the original course, but in most cases it is only the after part that does so. When, however, such a 
thing occurs it seems to indicate that, during the first moments of helm action the pivoting point has moved 
to a position altogether forward of the ship, but it is more probably due to the lateral thrust on the rudder 
(see P|, Fig. 1) coming into action before the lateral resistance has had time to develop. 

The early part of the path is of a spiral nature the radius of curvature gradually decreasing until 
steady motion ensues. 


THE TRANSITIONAL PERIOD. 


Section 22. Tactical Diameter and Advance.—In the measurement of turning circles for 
H.M. ships the two most important features observed, and recorded in the “ship’s book” for the 
information of commanding officers, are “ Tactical Diameter” and ‘* Advance.” The tactical diameter is 
the perpendicular distance between the ship's centre line after she has turned through 180° and when on 
her original course. The advance is the distance she has moved in the direction of her original course 
between the moment when her helm started to move over and that when she has completed a turn of 90°. 

The lowest record of tactical diameter, which the Author is aware of, is that of the “ Yashima,” 
which was about two ship lengths. Three to four lengths seems a usual figure for warships of good 
turning qualities, and the advance is generally between 85 per cent. and 95 per cent. of the tactical 
diameter. 

It should be noted that, owing to drift angle, the path of the centre of gravity continues to move 
slightly further from the original course after the middle line of the ship has turned 180°. 

The final diameter of the turning circle, after steady motion has sent in, is usually some 5 per cent. 
less than the tactical diameter. 


Section 23. The Work of Admiral Colomb.—In 1886, Admiral (then Captain) Colomb, R.N., 
investigated experimentally the path of the ship during the transitional period. 

For the purpose of reducing his results to a common basis for all the ships experimented on, 
Admiral Colomb devised a method of comparison by dividing the ship’s path into “octants.” Each 
octant consisted of the path traced by the centre of gravity of the ship during a 45° turn of the 
centre line. Thus, the first octant consisted of that part of the ship’s path traced between the instant 
when the helm started to move and that when the centre line had turned 45° from its original course. 
The second octant was the corresponding part of the path between 45° and 90° turn, the third between 
90° and 135°, and so on. 

Having plotted the path he then drew chords from the initial position of the centre of gravity to its 
position at the end of each octant. The turning powers of different ships were compared by the lengths 
of the chords of the fourth octants and the angles made by these chords with the line of the original course 
produced. 

It seems to the Author, however, that this method fails in that neither the angle, nor the length of 
the chord, tells one without recourse to trigonometry, how far off her orignal course the ship is or how far 
she has advanced in the direction of it. 

For the purpose of this paper, Admiral Colomb’s results have been reduced to the ordinary co-ordinate 
system in which the position of the ship at any moment is defined by reference to two rectangular axes. 
The origin is at the position of the centre of gravity at the moment when the helm starts moving and the 
axes are the line of the original course and a line perpendicular thereto. The ordinates are referred to as 
“ Advance ” and the abscissre as “ Transfer.” 

Admiral Colomb gave the results of turning trials of seven ships, five of which were the ironclads of 
his day. In order to present these results in a compact form and to see what conclusions can be drawn 
from them, Table I. has been prepared, giving the data for the best and the worst ships (with reference to 
turning qualities) and the mean results for the seven ships. In this way it is hoped to demonstrate how 
the average ship behaves while turning and the special characteristics of ships which turn well and badly. 
The table is completed by the addition of figures deduced from data given in Sir Philip Watts’ paper* on 
the turning trials of the “ Yashima.” 
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Although these results are taken from the trials of ships so far different as a steam pinnace and a 
battleship, the method of stating them is non-dimensional. 

The upper part of the table shows comparative figures for some of the known features likely to affect 
the turning capacity of the ships. The length of the chord of separate octants is given as a means of 
comparing the relative lengths of the octants. This may not give a strictly correct comparison of the 
lengths of are travelled during the octant, but, since the position of the ship is only definitely known at 
the beginning and end of each octant this method seems the most useful. 

i; <'In Fig. 8 are given the approximate paths of the ships analysed in Table I., these being obtained by 
drawing fair curves through the known spots. 


: FIGURE 8 
| 3 . 
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Section 24. Discussion of Table I—Vessels whose paths become circular at an early stage in 
the turn, indicating that a state of balance has been brought about between the various forces at work, 
are found to turn badly. Theoretical considerations (see Section 2) lead to the same conclusion, for, the 
greater the moment of resistance, in comparison with the turning moment of the rudder, the sooner will 
the forces become balanced and the path become circular, and the larger will be the radius of turning. 

At the same time ships possessing a large moment of resistance are easier to keep on a straight course 
and their angular velocity is more readily extinguished after completing a desired turn. A large moment 
of resistance is, therefore, not wholly disadvantageous. 

For the worst steering ship in Table I., there is a difference of only 34 per cent. between the 
lengths of the chords of the third and fourth octants, showing that the path has become practically 
circular after a 90° turn, but in the best ship, on the other hand, the corresponding difference is 
about 21 per cent., indicating instability of conditions at least up to 135° turn. Fig. 8 clearly shows 
the difference in the two paths. The average ship appears to attain a practically circular path after the 
second octant as indicated by the figures for the mean in Table I. 


TABLE I. 
ANALYSIS OF ADMIRAL CoLoms’s TRIAL RESULTS. 
Unit of distance is one ship’s length. 
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Explanation of Table I. 


Advance and Transfer are defined in Section 23. 
Length of chord is the length of line joining position of C.G. at beginning and end of the octant. 
mean Speed or R.P.M. in the octant. 
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In Section 8 it was pointed out that trim by the stern leads to increased moment of resistance and 
therefore ratios giving the trim by the stern compared with the length of the ship have been included in 
Table I. These ratios corroborate the above statement, the figures being zero for the “* Yashima,” °063 
for the best of Admiral Colomb’s ships, °099 for the mean, and *168 for the worst. 


For a given area of immersed middle-line plane the moment of inertia about a vertical axis through 
the centre of gravity of the plane will vary as the cube of the length and as the draft ; hence the greater 
the length compared with the draft the greater will be the moment of inertia of the middle line plane and 

: a Shier : Par A ee 
the greater the moment of resistance. Thus we find in Table I. that the ratio of Drait 8 about 


144 per cent. greater in the worst than in the best ship. 

The ratio of the area of the rudder to that of the middle line plane is greatest in the ‘‘ Yashima,” 
but, curiously, in Admiral Colomb’s ships, both the best and worst have comparatively small rudders. 
The turning performance of these two ships must, therefore, have been due rather to other causes than to 
size of rudder. It will be noticed that the worst ship took twice as long to get her rudder over as did 
the best. 


Section 25. Comparison of the Octants.—For this purpose Table II. has been prepared shewing 
the relative lengths of the chords of, and the relative times taken to pass over, successive octants. 


TABLE II. 


RELATIVE LENGTHS OF CHORDS AND Tres FOR DIFFERENT OCTANTS. 


Best SHIP. Worst SHIP. MEAN OF SEVEN SHIPs. 
OCTANT. 
Chord. Time. Chord. Time. Chord. Time. 
Ist 1 1 1 1 1 1 
2nd *b9 *62 ‘79 *69 *65 ‘71 
8rd 66 ria | 91 81 *65 ‘76 
4th ‘BD ‘94 87 "83 63 "82 


From an examination of Table II. it may be concluded that in regard to space :— 


) The space covered in the first octant is invariably greater than in any succeeding octant, 
particularly so in the case of ships which turn well. 


(2) The space covered in the third octant is generally about equal to that in the second with 
a tendency to exceed it. 


(3) In most ships the distances travelled in the third and fourth octants are practically equal, 
the exceptions being in ships that turn particularly well, in which case the fourth octant is 
markedly shorter than the third. 


ee 
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In regard to time the table appears to indicate :— 


(1) The first octant is invariably the longest. 
(2) The second octant is invariably the shortest. 
(3) The third is longer than the second and the fourth longer than the third. 


If steady motion has set in before the end of the fourth octants the remaining octants of the circle 
should be equal, both in point of space and of time. 


It is curious that time measurements show considerable variation after space measurements indicate a 
comparatively circular motion. The figures point to the existence of a period of retardation in speed after 
the motion has become practically circular. 


Table III. has been constructed in order to show the variation of speed and R.P.M. in the different 
octants, taking the speed and R.P.M. in the first octant as unity. The relation between the speed and 
R.P.M. in the first octant to the speed and R.P.M. before turning are shown in Table I., the mean for the 
seven ships being a drop of 16 per cent. in speed and of 10 per cent. in R.P.M. No definite characteristic 
difference, in this respect, is discernible between ships of good and bad turning qualities, 


TABLE III. 


RELATIVE SPEEDS AND R.P.M. ror THE DIFFERENT OCTANTS. 


Best SHIP. Worst SHIP. MEAN OF SEVEN SHIPS. 
OCTANT. 
Speed. R.P.M. Speed. R.P.M. Speed. R.P.M. 
Ist 1 1 1 oan 1 1 
2nd “94 1°18 1°10 ay 89 1 
3rd “91 1°36 12 eae *82 “98 
4th ‘70 1°15 1°04 | see Avie “98 


The most important inference from Table III. is that the slip of the screw is greater in the second, 
third, and fourth octants, than in the first. Table I. indicates that the slip in the first octant is already 
greater than it was on the straight course. 


The pressure on the rudder increases with increase of slip, hence, the pressure in the latter octants 
will not be reduced as much as would be expected from the loss of speed. Normally the pressure on the 
rudder varies with the square of the speed, and for small changes in R.P.M., speed being constant, it | 
appears to vary directly as the R.P.M. If, then, the speed were to drop in any octant and the R.P.M. 
remained constant, the pressure on the rudder might be expected to vary directly as the speed instead of 
as the square of the speed. 


Section 26. Summary of Transitional Period—Every ship has a definite path for any definite 
loading. This path is spiral in its earlier stages with decreasing curvature. The paths of ships with 
moderate or bad turning qualities become circular at an early part of the turn, while those of ships that 
turn well remain spiral until the ship has turned 135° or even 180°. Finally, even after the path has 
oe practically circular there may be a short period of retardation before complete stability of motion 
obtains. 


16 


THE PERIOD OF STEADY MOTION. 


Section 2'7. The Application of the Equations of Motion to Trial Results.—After steady 
conditions have been established the magnitude and direction of the different forces acting on the ship may 
be calculated from trial results by using the equations of motion given in Section 13. 

Prof. Hovgaard* analysed the trial results of twenty-three ships, including small Danish warships and 
large American battleships, using the equations referred to. 

In twelve of these ships the drift angle was determined by observation during the trial, in a more or 
less accurate manner, and, in the remaining eleven ships a drift angle had to be assumed in order to 
complete the analysis. The drift angle is always small and occurs in equation (1) (Section 13) only as a 
cosine, hence no great error is involved in the calculation of lateral forces in this respect. 

In some cases the I.H.P. of the engines were taken during trial enabling the thrust of the screws to be 
estimated and equation (2) to be solved for the fore and aft forces. 

Supposing the complete trial results have been recorded, then in equation (1) M the mass of the ship, 
a where t = time of turning the last half of the circle), R the radius of the 
last half of the circle, $ the drift angle, P the rudder pressure (calculated from, say, Joessel’s formula - see 
Part L11.), and a the helm angle, are all known, hence the value of X sin y can be found. This is the 
force of lateral resistance or Q, as Hovgaard called it. 

The same variables occur in equation (2) with the addition of the thrust T which can be estimated 
from the I.H.P. of the engines by the use of a suitable propulsive coefficient. Hence, equation (2) can 
also be solved and gives X cos p, the fore and aft component of resistance. 

X sin y 


X sin p and X cos p being known, then yw = tan7? x coe’ and the resultant resistance X can be 


calculated. After this equation (3) may be solved for a, since X sin p has been obtained from equation (1) 
and p can be calculated as shewn in Section 3; the moment L may usually be neglected (see Section 13). 
An example of the application of the equations of motion to trial results is given in Appendix I. 

These three equations being solved, all the forces and moments acting on the ship are known, but 
unless they can be related to known factors in the design of the ship no further use can be made of them. 
This subject will be dealt with in Section 29. 


v the tangential velocity (= 


Section 28. Analysis of Trial Results.—Table IV. has been drawn up in order to present a 
comparative summary of the mass of data given in Prof. Hovgaard’s paper. In it are shewn results for 
(1) “ Valkyrien,” one of the ships in which the.analysis was complete, (2) ‘* Yashima,” the best ship, 
(3) “ Herluff Trolle ” and ‘“ ‘T'umleren,” the best and worst of the Danish ships, and (4) ‘‘ G,” an American 
ship which shews the worst steering qualities of all. Mean results are also given, these means being the 
mean of twenty-three ships in features not materially affected by measurement of drift angle, of twenty- 
two ships when ‘* Yashima’s’’ figures were missing, and of twelve ships in respect of drift angle and 
pivoting point. 

An attempt has again been made to express results in a non-dimensional way, but difficulty was 


: seal Sree é ; My ‘ 
experienced in this owing to the complicated nature of the centrifugal force, R The forces acting on 


the ship have, therefore, been given as simple quantities, in tons, and are only included to shew of what 
order they are. 

The radius of the turning circle has been shewn as a multiple of the ship’s length and therefore 
expresses the relative turning power of each ship. Thus the radius of turning of “G” is three and a-half 
times as great as it is for ‘* Yashima,” while that of the “ Herluff Trolle” is only 20 per cent. greater. 

Speed while turning is given in the form of a ratio to speed on the straight course, taking the latter 
as unity. ‘This ratio will be seen to follow, roughly, the order of the radii, the good ships shewing a large 
reduction and the bad ships less. It will be noticed that the figure for the mean of twenty-two ships 
agrees very closely with the figure for reduction of speed in the fourth octant given in Table I. 

The values of drift angle do not quite follow the order which might be 8 although the two 
worst ships shew the smallest and the best the largest angle. It should be borne in mind that the 
methods of observing drift angle are cruder than those of taking the other measurements. It may be 
safely stated that, generally, small radii are accompanied by large drift angles. 


* See I.N.A., 1912. 
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TABLE IV. 
ANALYSIS OF DaTa GIVEN By Pror. Hovcaarp (LN.A., 1912.) 
Ships arranged in order of turning quality. 
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The mean position of the pivoting point is about one-third of the water line forward of the centre of 
gravity, but the results, dependent as they are both on the drift angle and the radius, shew no great 
consistency. 

The comparative leverage of Lateral Resistance is interesting in that, with one exception, the 
leverages follow the same order as the radii. This figure is the nearest approach to a non-dimensional 
comparative of the moment of resistance, since Q, being dependent on displacement, speed and rudder 

ressure, cannot be reduced to a non-dimensional form. Thus, these figures demonstrate that the smaller 
is the moment of Resistance, the smaller the radius. 

The results of the complete analysis of ‘ Valkyrien’s” trials shew the truth of what was stated in 
Section 14, that the angle wp is so nearly a right angle that the resultant force X is practically the lateral 
resistance, the difference in this case being only about 5 per cent. 

The effects of deadwood and fineness of the ends of the ship have been expressed in lines 7 and 8 of 
the Table but do not point to definite conclusions. 


Section 29. Prediction of the Radius—The object of Prof. Hovgaard’s analysis was the 
discovery of an empirical formula for predicting the radius of the turning circle, based on known factors 
in the design of the ship and on previous trial results. A full description of the methods empolyed in 
evolving such a formula is to be found in Prof, Hovgaard’s paper, but in this paper a brief outline will be 
given in order to shew upon what lines further investigation might be carried out and the kind of data it 
is desirable to collect. 

The most important elements determined, by the application of equations (1) (2) and (8) (Section 18) 
to trial results, are the lateral resistance, Q, and its leverage, a, about the centre of gravity. Arguing 
from first principles, Q may be expressed as the sum of all the elemental pressures normal to the middle- 
line plane. The pressure on any element of area will be proportional to the sine of the drift angle at that 
point and the square of the velocity of flow of the imaginary circular stream lines (see Section 12) 
impinging on the area. 


By a process of integration Hovgaard arrived at the formula :— 


vx S(b—s 
Qa REX 
Where 8 = area of middle-line plane. 
b = distance of pivoting point forward of G (see Fig. 5). 
8 = distance of centre of gravity of the middle-line plane forward of 


G (G D Fig. 5). 
K,= a constant. 


It will be seen that the expression 8 (b — 8) is the moment of the middle-line plane about the 
pivoting point. If the drift angle be observed during trial, b may be calculated from :—b=R sin 9, 
Q can be found from equation (1), R and v are trial results, and, finally, S and s are known from the 
design ; hence Kj, which is a constant depending on the form of the ship, can be calculated. Proceeding 
in this manner Hovgaard calculated the value for K,, for all the ships in which had been observed. 

Now, as K, is supposed to represent the influence of the general form of the ship, it must, to be of 
service, be related to some known element in the design. By a tentative process it was discovered that it 


could be plotted on a base of 4 where B = breadth at W.L. and D = draft. The curve of K,, on this 


base, having been established and faired from known results, it was possible to estimate the value of K, 
for ships in whose trials the drift angle had not been observed and thereby to calculate the pivoting point 
and drift angle from equation (4). 

The leverage of Q about the centre of gravity, viz.: a (Fig. 5), had next to be expressed in terms 
of known quantities. By a process of integrating the moments of pressure on elemental areas of the 
middle line plane about the centre of gravity of the ship, a formula for Q.a was evolved. This formula, 
when divided by Q, expressed @ in terms of :— p, the radius of gyration of the middle line plane about a 
vertical axis, (b—s), and s. The expression, however, was incomplete in that it failed to take account of 
certain important features of the general form. Another constant, K,, was therefore introduced to take 
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account of general form ; the prismatic coefficient, 6, was introduced into the denominator to express the 
effect of fineness; and a coefficient of fineness of the middle line plane, ¢, representing the value of nae 
‘ Se ey 


with former notation was placed in the numerator to account for deadwood. In its final form the 
equation became :— 
e [p? —s (b—s) 


a= Ki Sx bs) 


From this expression Hovgaard was able to calculate the value of K, for all the ships from whose 
trials (b — s) could be found. In this case he found that the function of general form to which K, was 


most nearly related was :— 
area of midship section 


area of middle line plane 


This function expresses roughly the average angle of entrance and run. The known values of K, having 
been plotted and faired on this base, it was possible to obtain from the curve the values for ships in whose 
trials the drift angle had not been observed. In fairing the curves of K, and K, it had to be remembered 
that (b — s) occurring in both formule, the two constants were inter-dependent, an alteration in the curve 
for K, producing one of opposite sign in the K, curve. 

The next step was to obtain a formula for R which was effected by substituting the expression for Q 
from equation (4) in equation (1) which gave :— 


_K, 8 (b—s) —M cos 
aie A cos a fia) 


where | f (a) is the coefficient of rudder pressure, proper to the angle a in the formula P = A v’ afi (a), and 
which can be calculated from Joessel’s formula (see Part III.). The only unknowns in this expression 
are @ and (b — s). The drift angle may be assumed from experience and, after calculating the radius, 
the assumed value may be checked, and, if necessary, the calculation for R repeated with a corrected 
value of ; this is not likely to be necessary as @ is generally small and occurs only as a cosine. 

A formula was evolved for (b — s) in terms of known quantities and cos 9, the latter being again 
assumed. By substituting in equation (3) the expressions for Q and @ from equations (4) and (5), 
respectively, another expression for R was obtained ; thereafter the two expressions for R were equated and 
solved for (b - s). The following formula was obtained : 


R ieee erevereeesss (ONE 


e p’ K, cosa +*peese 


b — 8s) = 
( ) dp + es K, cosa 


The procedure for estimating the radius of the turning circle for a new ship is as follows :—K, and 
K, must first be obtained from the curves, allowance being made by the designer from his previous 
experience, for the influence of any special features in the ship; a value is assumed for $, (b - 8) is 
alculated from equation (7) and finally R is calculated from equation (6). 


b 


If @ was well chosen then R should equal sin @; but if the assumed value was sufficiently in error 
v 


to make an appreciable difference to cos , the calculation for (b — s) and R must be repeated with a 
corrected drift angle. 

An example of the work involved in these calculations is given in Appendix II., where it will be seen 
that the calculation is based on values of K, and K, taken directly from Hovgaard’s curves, without any 
special consideration of the design of ship and rudder. The radius predicted by the formule turns out to 
be 15 per cent. in excess of that actually measured on trial. Considering that the values of the constants 
as calculated from the trial results in this particular ship did not lie exactly on the curves, and considering 
that the whole science of steering is very much in its infancy, it is thought that this result is a satisfactory 
one and points to the desirability of collecting similar data for merchant ships. 
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Section 30. Effect of Speed on Radius and Drift Angle-—The trials considered in Section 28 
were those of ships proceeding at full speed and turning under full helm angle, but results are given by 
Hoygaard for three or more speeds of each vessel. It will be noticed that the empirical formula for R 
[equation (6) ] is independent of speed; that this is the case is confirmed by experiment and general 
experience. Hovgaard plotted R on a base of v for each ship and found that all the curves so plotted lay 
in a more or less horizontal direction, some being slightly convex and others slightly concave to the base 
line. Sir Philip Watts states in his paper that ‘ Yashima” turned on about the same radius at different 
speeds ; Admiral Colomb, Admiral Freemantle and Sir William White all agreed that, from results of their 
experiments and experience, the radius of the turning circle appeared to be independent of speed, 

In this connection it is interesting to examine the trials of the airship R 33, in which it was found 
that at 15° helm the radius was practically independent of speed, but at 10° and more so at 5°, the radius 
shewed a steady increase with increase of speed. 

In extreme cases high speed may effect an alteration in trim, which, in turn, would affect the moment 
of resistance and so also the radius. 


If the radius is independent of speed it follows that the time required for completing the circle is 
inversely proportional to the speed ; this view can generally be supported by trial results. 

The position of the pivoting point and the magnitude of the drift angle also seem to be independent 
of speed, at least as far as experiments up to the present have shewn. It will be seen that there is no 
function of v in equation (7). 


Section 31. Effect of Helm Angle on Radius.—The data on this subject appears to be very 
scanty as most trials are conducted only with full helm angle. The influence of helm angle on the time 
necessary for a complete turn is not great, because the reduction of distance travelled due to the larger 
helm angle is more or less balanced by correspondingly greater loss of speed, 

Helm angle, on the other hand, is a deciding feature in the radius of turning for a given ship. 
Table V. shews two examples of the effect of helm angle on the radius, one being that of the ‘ Yashima” 
and the other of Airship R 33. If these results are plotted it will be seen that small differences of helm 
angle have a large influence on the radius at small angles and a small influence at large helm angles. 
This would be expected from the theoretical point of view because as the helm angle tends to zero the 
radius tends to infinity, while in the neighbourhood of 45° the effect of the rudder reaches its maxium 
and the radius cannot be further diminished. 


TABLE V. 


RELATION BETWEEN HeLM ANGLE AND RapDIUs. 


“YASHIMA.” ATRSHIP R 33. 
Helm Angle. Radius (lengths). Helm Angle. Radius (lengths). 
5° 155 5° 6°05 
| 
10° 1°40 | 10° 4°80 
| 
32° 110 15° 3°90 


No data has been found giving the influence of helm angle on the drift angle and pivoting point, 
but it seems safe to state that the greater the helm angle the greater will be the drift angle and the 
further forward will be the pivoting point, the latter not only due to the increase in drift angle but also 
to the reduction in radius, 
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THE STEERING EFFECT OF SCREWS. 


Section 82. Effect of a Single Screw on Steering —In concluding this part of the paper a 
few notes on the steering effect of a single screw and steering by twin screws may be useful, the effect of 
the screw race on the rudder being deferred to Part III. 

A single screw gives a slight directional stability to a ship. Suppose a vessel is acted upon by some 
external force in such a w ay that the stern is given lateral motion, then those blades of the screw which 
are moving in the same direction as the stern will be subjected to an increased pressure from the water and 
will tend to check the motion, whilst those on the other side of the screw, although themselves aiding the 
external force, will have less effect owing to a corresponding reduction in pressure, the nett effect of the 
upper and lower blades thereby being to oppose tlie lateral motion of the stern. 

The Steering Effect of a Single Screw is dependent upon the fact that the upper and the lower blades 
usually develop a different amount of thrust, the transverse component of which tends to move the stern in 
a direction opposite to that in which the blade is moving. Suppose, for example, the upper blades of a 
right-handed screw are developing greater thrust than the lower, then the transverse component of the 
thrust of the upper blades, tending to move the stern to port, will outweigh the transverse component of 
the thrust of the lower blades, which would move the stern to starboard. The nett result would be a 
tendency for the stern to move to port. 

Hither the upper or the lower blades may develop the greater thrust, but which, depends upon a 
number of variable factors, and no definite law can be stated. When a vessel is fully loaded and the screw 
suitably immersed, the forward motion of the water in the frictional wake is greater near the water line 
than near the keel, and, for this reason the upper blades usually develop more thrust than the lower. The 
directional influence of the screw, under these circumstances, is that due to the upper blades, 7.¢., with a 
right-handed screw it is equivalent to port helm and with a left-handed screw equivalent to starboard helm. 

If, for any reason whatever, the screw sucks air into the wake from the surface, the upper blades are 
more affected thereby than the lower, and, consequently develop less thrust, causing the nett directional 
effect of the screw to be that due to the lower blades. The effect then becomes that of starboard helm for 
a right-handed, and, of port helm for a left-handed screw. The suction of air into the wake may be due 
to a number of causes, such as insufficient immersion of the screw, the ship starting from rest with the 
propeller working at a high slip, or a sudden reversal of the screw. 

The directional effect of the screw itself may be partly or wholly counteracted by the pressure exerted, 
through the medium of the race, on the side of the sternpost or on the rudder, the upper blades throwing 
a column of water on one side of the sternpost and rudder, and the lower blades on the other. The 
influence of the lower blades in this respect is usually found to predominate, as these blades are working in 
water at a greater pressure, owing to the statical head. The effect may be increased or diminished 
according to whether the broadest part of the rudder is abaft the upper or lower part of the screw. 
Thus a more or less rectangular rudder, or a rudder wider towards the bottom, may be expected to set 
itself slightly to port if the helm be left free, while a rudder decidedly wider towards the top might 
set itself to starboard. Such evidence on this subject as the Author has been able to find, is very 
contradictory, no doubt due to the number of influences at work. 

When the vessel is moving astern the directional effect of the screw is always large and often exceeds 
that of the rudder. Under these circumstances the screw nearly always sucks air into the wake and the 
influence of the lower blades predominates. 

When the screw is suddenly reversed and the ship still carries headway the action of the rudder is 
generally indefinite, but. through the influence of the race, it tends to act as though the ship herself were 
moving astern. 


Section 33. Steering by Twin Screws.—As twin screws turn in opposite directions they, of 
themselves, exert no turning effect on the vessel, nor do they give her directional stabilisy. 

A twin screw ship may be turned practically about her own centre by the action of the screws alone, 
one turning ahead and the other astern, at properly adjusted speeds, but the time taken to complete the 
turn is considerably longer than the time necessary for turning under full helm angle and at full speed 
with both screws propelling ahead. The screw which is turning ahead produces a negative pressure on 
the quarter immediately before it, while that turning astern produces an excess of pressure on the other 
quarter the resultant of the two pressures being a force aiding the turning of the vessel. Hovgaard found 
that the moment of this force far exceeded that produced by the screws themselves. 
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If both screws are revolving at the same R.P.M. the one which is turning ahead will develop more 
thrust than that which is turning astern, and consequently if the R.P.M. of the two screws were not 
properly adjusted the vessel would move ahead during the turning operation. 

With this mode of turning the rudder should be kept amidships because, if put over towards the 
reversed screw, as it naturally would be, a suction would be produced on its forward face by that screw 
and the turning effect would thereby be diminished. 

An alternative would be to stop the screw on the side to which the rudder is put over, the other 
being put full ahead, but the time required for completing the turn would still be in excess of that for 
coal t ull ahead conditions, and moreover, the ship would no longer pivot about her own centre. 

The vessel can also be turned with one screw only, working ahead and the helm amidships, but both 
time and diameter will be very large. Generally speaking the turning moments which can be exerted by 
the screws of twin screw ships are small, in fact, in some cases, the screw shafts have been designed with a 
convergence towards the stern in order to increase the moment obtainable. 


PAR iin. 


THE RUDDER AND ITS RELATION TO THE SHIP. 


PLANES MOVING IN A FLUID. 


Section 84. Pressures on Moving Planes.—Elementary knowledge concerning the reaction 
between a rudder and the surrounding water is generally based upon the experimental study of planes 
moving obliquely through a fluid. 

The mathematicians Euler and Newton calculated that the pressure on a plane moving obliquely to 
the direction of motion varied as the square of its velocity and as the square of the sine of its angle of 
inclination. Lord Rayleigh, from theoretical considerations, found the pressure on the front of the plane 

2 mw sin a 
4+ msina 
V its velocity. Experiments in which the pressures on the front and back of the plane have been 
separated have shewn this formula to be substantially correct. 

Experimental work has shewn that the conclusions of Euler and Newton were incorrect, the pressure 
varying more nearly as sin a than as sin 7a. 

Colonel Beaufoy towed square planes through water at various angles of inclination to the direction of 
motion and at different speeds. From the results he obtained he evolved the formula P = 1°12 AY? sin a 
(for salt water). P being the normal pressure on the plane and the units being in lbs.—feet—secs. This 
has become the favourite formula for use by naval architects in this country. 

* On the Continent and in the U.S.A. Joessel’s formula is much used. This formula was derived from 
experiments with stationary planes placed in a stream of water and is as follows :— 


to be = AYV?, a being the inclination tothe direction of motion, A the area of the plane and 


‘787 sin a 


_ y2 < 2 
P=AV? x 395 + °305 sin a 


the units being in lbs.—feet—secs. 


Neither of these formulw takes into consideration the shape of the plane or what is called its 
“ Aspect Ratio.” ‘The aspect ratio of a plane may be defined as the ratio obtained by dividing the length 
of the side which is perpendicular to the direction of motion by the length of the side which 1s oblique to 
the direction of motion. 

‘he assumption that the pressure on a plane varies with the sine of its angle of inclination is most 
nearly true for planes with a very small aspect ratio and for the larger angles of inclination. Rudders, 
on the other hand, usually have a large aspect ratio, and it is therefore with planes of such shape that the 
naval architect is most concerned. 


23 


The curves of normal pressure, plotted on a base of angle of inclination, for planes comparable with 

. . . =] . . . . 
all ordinary rudders, shew a marked deviation from the shape of a sine curve, in general assuming the 
character of the curve shewn in Fig. 9. In this figure it will be seen that the first part of the curve is 


practically a straight line up to a certain angle, known as the “critical angle” ; it then drops to a local 


FIGURE 9 
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minimum, thereafter rising to a final ordinate at 90°. which is usually somewhat Jess than the ordinate at 
the critical angle. The last part of the curve frequently follows a sine curve. 

Dr. Stanton gave an explanation of the “hump” occurring in the pressure curve at the critical 
angle, by shewing that it was produced by the negative pressure or suction on the back of the plane. 


[FIGURE 10 
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He arranged a series of experiments at the National Physical Laboratory to investigate the distribution 
of the pressure over the whole of the front and back of the plane, these experiments being conducted 
on planes in a current of air; Fig. 10 is a rough reproduction of the distribution curves which he 
obtained. In each case the plane is used for the base line and the ordinates of the curve on the front 
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represent pressure on the front while those of the curve on the back represent the suction on the back. 
Thus the total area contained between the two curves gives the resultant normal pressure on the plane. 
It will be seen from the figure that, due to the suction on the back of the plane, the normal pressure 
at 45° is slightly greater than it is at 90°. 

At the critical angle the nature of the stream line flow, across the front of the plane, changes. 
Below the critical angle all the streams impinging on the front of the plane are diverted towards its 
trailing edge whereas at angles larger than the critical angle the streams divide on the front surface some 
flowing round the leading edge and others towards the trailing edge (see Fig. 11). 

From the foregoing remarks it will be understood that no simple formula can be made to express the 
whole of the curve of normal pressure. For the naval architect's purposes it seems better to rely on 
an expression of the form P = KAV?, K being a constant, dependent on angle of inclination and shape of 


plane, determined by experiment. 
FIGURE II 
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Section 85. The Influence of Aspect Ratio.—LExperimenters on this subject have been 
numerous but the bulk of the work has been carried out in air by means either of whirling machines or of 
air channels. 

Mr. A. W. Johns (I.N.A., 1904) shewed that the results of experiments in air could be made 
comparable with those in salt water by multiplying the K values obtained by 832, the ratio of the 
densities of the two media. If air were incompressible this would be correct except for minor differences 
due to viscosity. Dines found that, with a plane moving at 60 m.p.h., the increase in pressure in the air 
in front of the plane, due to the compressibility of air, was only 0°45 per cent. of the normal pressure on 
the plane, thus shewing the compression of the air to be a negligible quantity within ordinary speed limits. 

Fig. 12 shews curves constructed from the results obtained by Hiffel in air experiments with planes 
of different aspect ratios. The K values used in these curves have been corrected for density and 
velocity in feet per second instead of miles per hour, and therefore apply to salt water; the aspect ratios 
are shewn on the curves themselves, A few spots are also shewn taken from Mr. R. KE. Froud’s 
experiments in water. 

It will be seen from these curves that up to about 12° the K values increase with increase of 
aspect ratio, but above this angle the humps interfere with any such rule. Hiffel proposed the following 
formula for finding the K value at any angle less than 12° when the K value for 90° was known. 

a 


Vos, = K, (32 + 3) 90 


Where K, and K, are the K values at a° and 90° respectively, 


n is the aspect ratio, 
a is the angle of inclination, not exceeding 12°. 
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This rule will be found to work fairly well and might be useful in connection with rudders, especially 
remembering that the majority of the work performed by a rudder is at small angles. 

The curves also shew that as the aspect ratio increases the critical angle diminishes. The most acute 
humps occur in the curves for aspect ratios between 2 and 1. 

The position of the Centre of Pressure is also affected considerably by the aspect ratio of the plane. 
The centre of pressure of a plane is the point at which a single force might be substituted for the normal 
pressure on the plane. 

Joessel, as the result of his experiments, proposed the following formula for the position of the centre 
of pressure :— 

x = (1195 + °805 sin a) b 


Where «a = the inclination of the plane, 
x = the distance of the C.P. from the leading edge, 
b = length of the inclined side. 


This formula takes no account of the influence of aspect ratio but the planes used had an aspect ratio 
of 4. (See spot on Fig. 18 calculated for 85° from this formula). 
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When the plane is normal to the direction of motion the C.P. must be at the centre of the plane, 
but as it becomes inclined to the direction of motion the C.P. moves gradually towards the leading edge, 
its position at the smaller angles of inclination being much affected by the aspect ratio. 

Experiments on this subject have, up to the present, produced very diverse results. Fig. 13 shews 
curves of the position of the C.P. constructed from Froude’s and Eiffel’s results, and it will be seen how 
difficult it is to draw any definite conclusions from their experiments. ; 

It is thought that it might be useful to give mean values for the position of the C.P. in all planes 
between 1 and 8 aspect ratio. These values are shewn in Table VI. and should be good enough for 
ordinary rudder calculations, subject, however, to any modifications due to the difference between planes 
and rudders which will be discussed later. 
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TABLE VI. 


Mean Distance or C.P. From Leaping Epe@e, In Terms or LENGTH oF SIDE, 
FoR ASPECT Ratios 1 To 3. 


Angle of helm... ...| 10° | 15° | 20° | 25° | 80° | 85° 


| 
a — c va | 
: f | | 
C.P. from leading | vars - ae ee | : ‘ 
edge in terms of side | *"’ - 2 | i ay peal ies | 


Section 36.. The Effect of Immersion.—Experiments in air are equivalent to experiments in 
water when the depth is considerable compared with the dimensions of the plane. 

Mr. Maurice Denny experimented with two planes, A having an aspect ratio of 2°5 and B of 0°4, 
running at deep and shallow immersions. With the planes deeply immersed he found that the pressure 
varied as the square of the speed, which is in accordance with the results obtained by Eiffel, Froude and 
others. At shallow immersions, however, he found the forces to vary with a power of the speed less than 2. 
At an immersion corresponding to 40 per cent. and 100 per cent. of the length of the leading edge in A and B 
respectively, the forces on the planes were found to vary as V'* and as V'in A and B, respectively. These 
speed indices were found to be practically the same when the tops of the planes were at the surface. 

Thus, if the pressure P, on a plane at speed v is known, the pressure on the same plane at the same 


‘f 165 


\ é ; vi s 
angle and at speed V, would be ( = ) x P in the case of a plane of aspect ratio 2°5, and (+) Kaban 


the case of one with 0°4 aspect ratio. 


Planes of Curved Section.—Planes were then constructed with curved faces so that they represented, 
in section, the shape of a double-plated balanced rudder, with the thickest part one-third of the length from 
the leading edge. The results obtained with these planes agreed with those of the flat planes so far as speed 
index was concerned, but the transverse forces, and to a less extent the fore and aft forces, were found to be 
greater in the case of the flat planes. 


RUDDERS. 


Section 37. The Difference Between Planes and Rudders.—The calculation of the pressure 
on a rudder is of a more difficult nature than of that on a plane. A rudder working behind a ship is no 
longer moving through undisturbed water, but is surrounded by complex system of streams and eddies 
caused by the motion of the ship and the rotation of her propeller. 

It is the purpose of this part of the paper to examine in detail the various influences which tend to 
cause the pressure on a rudder to differ from that on the corresponding plane. In this way it is hoped to 
provide some guidance in the application of knowledge gained from experiments on planes to rudder 
problems. y 

Of these influences, the most important are the forward moving wake, produced by the friction of 
the ship in its passage through the water, and the sternward motion imparted to the water by the action 
of the screw. The effect of these factors are, in turn, influenced by the form of the ship and the shape of 
the rudder. Other features affecting the rudder are :—the deadwood, the screw aperture, the pintle gap, 
the bossing (in a twin screw ship), the immersion and the effect of balancing in the case of a balanced 
rudder. 


Section 88. Model Experiments.—The most convenient way of investigating the separate and 
total effect of the above features is by means of experiments on models in an experimental tank. 

Such experiments have been conducted by the Admiralty in the tank at Haslar, for Mr. Foster-King 
in the Dumbarton tank, and, chiefly, by Messrs. Baker & Bottomley at the National Physical Laboratory. 
Mr. Foster-King’s experiments can hardly be regarded as giving quantitative results since no screw was 
used behind the model. 
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At the N.P.L. the experiments were complete for the type of model used, and from the results 
obtained it should be possible to predict the rudder pressure and turning moment on any actual ship, of 
the same form, under full working conditions. 

In any single experiment three quantities were measured :—(1) the pressure on the rudder (P) ; 
(2) the torque on the rudder stock (T) ; and (3) the turning moment impressed on the model (M), 

The pressure and torque were measured by means of a dynamometer attached to the rudder head and 
moving with the rudder. The rudder was so arranged that it could be left free to turn about either of 
two axes at will, the dynamometer being adjusted to balance its tendency to turn in each case. In this 
way the moments of the water pressure about two axes were found, hence the position of the centre of 
pressure and the value of the total normal pressure (P) could be calculated. One of the two axes used 
was the axis of the rudder stock so that the moment obtained about this axis gave the torque (T). 

The turning moment (M) was measured by two transverse dynamometers placed one at either end of 
the model and supported by the towing carriage. These dynamometers were adjusted until the forces 
they exerted on either end of the model were just sufficient to hold the model on its course thus balancing 
the turning moment produced by the rudder. 

This moment was called by Baker the “ Initial Ship-Turning-Moment” as representing the turning 
moment impressed on the ship immediately before she moves off her course, assuming the helm to be put 
over instantaneously. 

As a further check on results “ yawing experiments” were carried out. Transverse electrical contact 
hoards were arranged, near either end of the model, with which contact could be made by brushes fixed 
to the towing carriage. Electrical recording drums marked the time at which the model was released 
from her straight course and the time at which each of the two brushes crossed successive points on the 
contact boards. From the records so obtained the time the model took to yaw 4° from the straight course 
conld be calculated. The model used was of a ship 400' x 52/ x 26' draught, having a displacement 
of 10,400 tons and a prismatic coefficient of ‘78. The propeller was 16°7 feet diameter (in the ship), having 
a pitch ratio of 1°21 and a disc area ratio of -4. The scale of the model was zis and it was generally run 
at two speeds, corresponding to 8 and 12 knots in the ship. 

The single screw aperture was subsequently filled in and twin screws were fitted, the normal form of 
bossings being added to the hull. The twin propellers were 12°5 feet diameter, with a pitch ratio of 1°5 
and a disc area ratio 4. The centres of the screws were 55 feet forward of the A.P., 8°875 feet above 
the keel and 8°875 fect from the middle line. 


Section 89. The Law of Comparison.—Mr. Maurice Denny, in a paper read before the I.N.A. 
in 1921, shewed that the torques on model rudders were comparable with those on full scale rudders so 
long as the model and ship were run at “corresponding speeds,” i.e., at speeds proportional to the square 
roots of the linear dimensions. 

Models of two cross-channel steamers were run in the Dumbarton tank and the torques on the 
rudder stocks measured. The ships were high speed, twin screw, vessels, with “spade” type rudders ; 
the models were fitted with exactly similar rudders and screws. The torques on the ships’ rudders were 
measured during turning trials by means of a torsion-meter fitted to the upper part of the stock. 
Curves of torque, to a base of helm angle, were constructed both for the ships and their models. In the 
case of the full scale rudder torques the part of the torque due to the friction of the bearings had to be 
eliminated (see Section 52 for method). 

Froude’s Law of Comparison states that when ship and model are run at corresponding speeds the 
resistances of the two will vary as the cubes of their linear dimensions. If this law holds for the 
normal pressures on rudders the torques on the rudder stocks will vary as the fourth power of the linear 
dimensions. Denny assumed this to be the case, and, on this assumption, drew torque curves for the 
ship as predicted from model results and compared them with the curves of nett (i.e., ex. friction) torque 
obtained from the ship’s trials. The agreement between the two curves was close over nearly the whole 
range of helm but between 10° and 20° there was some difference owing to a hump on the ship’s curves 
which was absent in the curves predicted from the models. 

In order further to investigate the law of comparison for rudders, Baker, at the N.P.L., tried three 
similar rudders of different: sizes, their dimensions being in the proportion 1, 2, 3, respectively. These 
rudders were run at two corresponding speeds with varying helm angles and at 15° and 30° helm at 
various speeds. 
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If the torque on the stock varies as the fourth power of the linear dimensions, the expression TAV? 


(where T is the torque, 7 the mean length of the rudder, A the area of the rudder and V the speed) will 


be the same for all three rudders, when run at corresponding speeds. From his results Baker drew two 
’ y. 


sets of curves shewing values of- TAV? one to a base of yr and the other to a base of helm angle. 
In each set, the curves for the different rudders were in close agreement with one another. 

It may therefore be stated that the pressures on similar rudders at corresponding speeds vary as the 
cube of the linear dimensions. 


eke : : P . 
This is the same as saying that the expression Av? (where P = pressure or rudder) is constant for 


ship and model at corresponding speeds ; or again, that P varies as AV’. Since V varies as the square 
root of the linear dimensions, V? varies directly as the dimensions, moreover, A varies as the square, there- 
fore P (= KAY’) varies as the cube of the dimensions, Torque, in the same way varies as 7 x P hence 
as the fourth power of the linear dimensions. 

As an example of the application of this law suppose that the pressure on a 3; scale model rudder 
were 2 lbs. at a speed of 4 f.p.s. ; the pressure on the ship’s rudder at the corresponding speed of 4 x ./ 25, 

9 2 

or 20 f.p.s., would be 2 lbs. x 25? (for area) x (>) (for speed) = 2 x 25° = 31,250 lbs. Further, 
suppose the length of the model rudder were 0°1 feet the torque on the model’s stock would be 
2 x ‘1 = °2 Ibs.-feet, and on the ship’s stock 81,250 x ‘1 x 23 = 78,100 Ibs.-feet, i.¢.,°2 x 25% If 
the ship’s speed, however, were altered to 25 f.p.s. it would not be correct to estimate the pressure on 
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the rudder from the model by assuming it equal to 2 Ibs. x 25? x lee , because 25 f.p.s. in the ship is 
- \ 


not the speed corresponding to 4 f.p.s. in the model. It was shewn in Section 36 that the pressure on the 
saine rudder at different speeds varied as V" where n, for small immersions, was generally less than 2. In 
such a case the value of the speed index would have to be determined by separate experiment. 

Section 40. The Shape of the Rudder.—Controversy as to the relative merits of the upper and 
lower parts of the rudder has been rife ever since the advent of the steamship. Ships having deficient 
steering qualities are often placed in dry-dock for the purpose of enlarging the area of their rudders and 
Surveyors are sometimes asked at which part of the rudder the extension would be most useful, 

The earliest scientific experiment on this subject was that conducted at Haslar, on a model of the 
“ Encounter.” The rudder of this model was divided in such a way that the upper and lower halves 
were of equal area and fixed to the stock with an angle of 30° between them. The model was then 
towed by the stem and the tiller adjusted until she towed on a straight course. In this way it was 
shown that 20° of helm for the upper, balanced 10° for the lower half, thus indicating a greater efficiency 
for the lower part of the rudder. 

In 1904 Mr. Foster-King instituted a series of experiments which were carried out by the staff of 
the Dumbarton Tank. It was found that by substituting, for an ordinary merchant service type of 
rudder, a rectangular rudder of the same area and height, the same ship-turning moment was obtained 
with less torque on the rudder stock. In models of full form the leading edge of the rudder was found 
to be ineffective but the model rudders were evidently fitted close behind the stern post and the same 
result might not have been obtained had there been the usual gap for the pintles. 

Two triangular rudders, one of which had its apex at the heel and the other at the water line, were 
next compared. It was found that with very fine models the rudder which had its broadest part at the 
heel gave the greater ship-turning moment, but the advantage was very small. On the other hand with 
ordinary models and with full models the rudder which was broad at the water line showed marked 
superiority ; this effect was attributed to the increased wave making produced by this rudder and to 
diagonal upward motion of the streams behind the fuller models. 

In all these experiments the screws were absent and the results, therefore, only really apply to sailing 
and paddle vessels, Further, all the trials were made with 10° helm and, as will be shewn later, effects 
observable at small helm angles may be quite reversed at large angles. 

It is impracticable in merchant ships to fit a rudder having its broadest part at the water line 
because :—(a) the rudder would be deficient in steering power at light drafts and (0) it would be exposed 
to great shocks from the seas in heavy weather (see Appendix 1V.). Thus, the general conclusion arrived 
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at by the Dumbarton experiments was that the best form of rudder for merchent ship work is a 
rectangular one with no area above the water line. 

Baker and Bottomley investigated the subject at the N.P.L. by testing the rudders shewn in Fig. 14 
behind the single and twin screw models of which particulars were given in Section 38. Rudder H was 
used only in twin screw experiments and rudder E was run behind a fin plate only for the purpose of 
investigating the effect of immersion. 

The rudders were run generally at speeds corresponding to 8 and 12 knots in the ship and at helm 
angles of 15° and 30°. The results given by Baker and Bottomley in their papers (before the Institution 
of Engineers and Shipbuilders in Scotland, Vols. LXV. and LXVII.) have been expressed in a non- 


FIGURE 1/4 


The Rudders used 
in_the N.P.L. Expt? 


E Submerged 


dimensional, comparative form based on the assumption that the law of comparison (see Section 39) holds 


good. Thus the pressure on the rudder is expressed as Ave the torque on the stock as TAV and 


: F 5 M b ; ? 
the turning moment impressed upon the ship as uv where M is the moment measured as explained in 


Section 88 and L is the distance of the centre line of the rudder stock abaft amidships. 
In Section 34 it was pointed out that the pressure on a plane could be expressed by P=KAY?, 


from which it may be seen that Baker's expression 7p is equivalent to the K values obtained by 
other experimenters. 


Section 41. Shape of Rudder (continued): N.P.L. Experiments.—In considering the results 
of these experiments it is necessary to distinguish between those for single and twin screw ships, owing to 
the difference in the race effect in the two cases (see Sections 44 and 45). ; 

Rudder D (Fig. 14) seems to be the normal type of merchant ship rudder, and will therefore be 
used in this paper as the datum for comparison of the other rudders. Table VII. has been prepared upon 


TABLE VII. 


PART I.—Srinaur Screw. 


30° Helm. 


Rudder. 8 Knots. 12 Knots. 
P, aa ae i ee oe a ie nS M/T. 
7 | | | 
A 114 98 91 91 S12 ale e558 94 1:01 
B 1°15 1:05 94 | +90 115 | 1-05 99 “95 
0 | 410i 1:18 91 78 1-01 1-02 97. | 95 
i) | 1 1 1 1 1 1 1 1 
15° Helm. 
A 118 | 1 | 94 “94 PRU Vie ete 96 1:06 
B 118 | 87 | 98 112 113 | ‘87 | -99 114 
C 1-150 Gil oe 1St5anl al “77 1 1 1:04 1:03 
1 pope pag 1 1 1 1 1 
| | 
5 eee PART II.—Twin Screw. 
pa 4H 30° Helm. 
F r | | 
A 138} 1-09 108 | 1:07 99 109} 109 | 1 93 
B 18} 1-07 113 | 1-06 94 107 | 117 «| +99 ‘85 
C 27 73 87 93 1:06 74 87 91 ed 
D | 224° | 1 1 1 1 1 1 1 } 1 
H 143° 1°25 1°34 1°17 "88 1:30 =| 139 | 1:10 | ag 
15° Helm. 
| wa ag 7 j | 
A 1°04 ia ta ‘98 87 104 1°37 ‘98 “89 
B | 1°04 11] 88 79 1°04 ite | 88 | 79 
Cc 72 89 97 1:09 72 89 | 97 1:09 
D Pade! I ait 1 ] 1 fea ee! 
H 1°16 1:22 1:02 83 1°16 122 | 1°02 | 83 
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this basis from the results given by Baker and Bottomley. The columns headed P, T and M are the 
: it M 

ratios of the values ofs vv TAv and TAV: 
As a measure of the efficiency of each rudder the figures in the M columns have been divided by 
those in the T columns, the result representing the comparative amount of ship-turning-moment 
developed per unit of torque on the rudder stock. ‘These figures shew that, in the case of the single serew 
ship. at full helm angle and at full speed rudders A and D were more efficient than B and. At 8 knots 
and full helm angle D remained the most efficient and CG became markedly the worst, shewing 23 per cent. 
less efficiency than D, which was due rather to 0’s high torque than low ship-turning-moment. At 15° 
helm the full speed results were somewhat reversed B shewing the highest and D the lowest efficiency. 
At 8 knots and 15° helm B remained the best rudder and C shewed an even greater loss of efficiency 
than it shewed with full helm. 

In the tevin screw model C became the most efficient rudder in all four conditions, which was due to 
the low pressure and torque developed owing to the widest part of the rudder not being in the screw race. 
For the opposite reason B was the least efficient in nearly all conditions. 

It must be remembered, however, that the rudder stock can be made strong enough to meet all 
ordinary requirements, and therefore the rudders may be better compared by means of the ship-turning 
moments they are capable of producing. 

Examining the figures for turning moment it may be seen that in single screw ships D was the best 
rudder for both speeds at 30° helm and that there was little to choose between A, Band CG, A generally 
being the worst, At 15° helm D and C were equally good at 8 knots, but © was 4 per cent. better than 
D at 12 knots; A was the worst at both speeds. 

In the twin screw model rudder H gave quite the best turning moment throughout, but its 
superiority was more marked at 30° helm where the moment reached 17 per cent. greater value than for D. 
This was due to its peculiar shape enabling it to take full advantage of the screw race at that angle. For 
the same reason rudder A, being longer than D, shewed a superiority at 30° helm which it lacked at 15°, 
at which angle it had not yet entered the race. Rudder © developed more turning moment than B at 
15° helm and less at 30°, for much the same reason ; both B and C were inferior to D. The approximate 
angle at which the different rudders enter the screw race is shewn in Table VII. where the superiority 
of H in this respect may be clearly seen. 

It is interesting to compare the K values for these rudders with Liffel’s results for planes as shewn in 
Fig 12. ‘The mean K values for all the rudders given in the table were as follows :—For single screw 
ships “61 at 15° helm and 1°027 at 30° helm; for twin screw ships ‘248 at 15° helm and °569 at 30° 
helm. The mean aspect ratio of the rudders was about 3. These figures are shewn as spots in Fig. 12 
and it will be seen that the single screw values are more nearly in accordance with the results for planes, 
probably because in such ships the effects of race and wake tend to balance one another, whereas in twin 
screw ships the reduction of pressure due to wake is far greater than the increase due to race. The effect 
of wake and race will now be considered separately. 


Section 42. Wake Effect.—The wake created by the motion of a ship through the water reduces 
the normal pressure on the rudder for three reasons: (a) the velocity of the water past the rudder is 
reduced owing to the frictional wake, or the belt of eddying water dragged along by the ship; (b) eddies 
are formed in the neighbourhood of the rudder due to the instability of the diverging streams, and (c) the 
streams are flowing in a diagonal direction, upward and inward, the upward component again reducing 
the speed of the water past the rudder. Generally speaking the fuller the lines of the ship the greater 
will be the reduction in pressure due to the wake. 


The Frictional Wake.—In Section 40 it was said that the leading part of the rudder was found to 
be inefficient in vessels of full form. This effect was no doubt due to the eddying belt of frictional wake 
which was wide enough to affect the fore part of the rudder without reaching the after part. So far 
as the frictional wake is concerned long rudders should therefore be more efficient in full ships than 
short ones. 

The frictional wake will have the greatest effect at the upper part of the rudder, with the result that 
the centre of pressure might be below the centre of gravity of the rudder, a fact which should be borne in 
mind in connexion with the calculation of the bending moments on the rudder stock, especially with 
rudders of the spade type. 


for any other rudder, to the same values for rudder D. 
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Diverging Streams.—Dr. Stanton, experimenting with small planes in a current of water, 
investigated the effect of divergence of flow of the stream lines upon the pressure on the planes. 


The stream lines closing in at the stern of a vessel, although converging towards the after end, are in 
themselves diverging or spreading out, because the bulk of the vessel is ceasing to displace them. 


Stanton placed a wedge-shaped body in front of the planes, the angle of the wedge being 10°, thus 
representing a wall-sided vessel having a water line of 10° convergence at the stern post. In this way 
the divergence of the streams with respect to the sides of the water channel was 5°. 


It is characteristic of diverging streams that the flow is unstable and so liable to form eddies. 
Curves of pressure, to a base of inclination of the plane to the middle line of the channel, were plotted for 
the plane by itself, and, hinged to the after end of the wedge. ‘These curves shewed that, at 10° the 
pressure on the plane behind the wedge was only 50 per cent. of the pressure developed ba the plane in the 
absence of the wedge, while at 40° the corresponding figure became 62) per cent. Experiments with 
greater divergence of the streams shewed further reduction in the normal pressure. 


With the plane in open water a marked hump occurred on the curve at about 20°, but with the 
plane behind the wedge the hump was less marked. Denny found that, while a hump occurred on the 
torque curves for model rudders in open water, it disappeared when the same rudder was run bebind a 
ship model, and the torque was reduced in the latter case by about 20 per cent. 


The divergence of the stream lines in the wake of aship may therefore be expected to reduce the 
pressure on the rudder. 


Section 48. Wake (continued): N.P.L. Experiments.—Baker was the first to isolate the effect 
of wake from the many other influences affecting the rudder. The model rudders shewn in Fig. 14 were 
tested for pressure and torque, first behind a plain fin and then behind a ship model without screws, the 
difference in the results obtained in the two cases being due to the wake of the model. Both single and 
twin screw models were tried. For the single screw comparison an aperture, similar to the propeller 
aperture of the model, was cut in the fin; for the twin screw trials there was no aperture either in fin or 
ape but the fin was fitted with two inclined web plates representing the general plane of the bossings 
in the model. 


Rudders A, B and D were tested in the single sorew experiments and D shewed a greater 
reduction in pressure due to wake than did A and B. This may be explained by the greater length of 
A and B, enabling a greater part of their area to be clear of the eddy belt, as compared with D, In all 
cases the rudders showed greater reduction at 15° than at 30° helm, owing, probably, to their being more 
clear of the eddy belt at the greater angle. Further, the reduction in pressure was greater at 8 than at 
12 knots which seems to indicate that the speed of the frictional wake is greater, in comparison with the 
speed of the ship at the lower than at the higher speed. At 30° helm the mean reduction of pressure on 
the three rudders was 59 per cent. at 8 knots and 54 per cent. at 12 knots; at 15° helm the corresponding 
figures were 66 per cent, and 61 per cent., respectively. 

The reductions in torque in the single screw ship, were found to be generally somewhat less than 
the reductions in pressure, indicating that the effect of the wake on the Centre of Pressure was to move 
it further from the stock. This result, which was more marked in rudders A and B than in D, the 
shorter rudder, and more at 15° than at 30° helm, was no doubt due to the effect of the eddy belt on the 
fore part of the rudder. 


In the twin screw series, rudders D, A and H were used, their lengths being in that order, and, as 
would be expected, it was found that the longer the rudder the less was the reduction in pressure due to 
wake ; this was more noticeable at 30° than at 15° helm. The reductions were generally found to be of a 
somewhat lower order than in the single screw series. At 30° helm the torques shewed about 5 per cent. 
less reduction than the pressure, but at 15° the reduction in torque tended slightly to exceed that in 
the pressure. 

The mean reductions in pressure in the twin screw series were 46 per cent. and 39 per cent., at 8 and 
12 knots, respectively, for 30° helm, while at 15° helm the corresponding figures were 59 per cent. and 
55 per cent., respectively. 
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These results shew that the reduction in rudder pressure due to wake was some 10 per cent., of the 
total reduction, less in the case of the twin screw than of the single screw model. 

It must be remembered in connexion with these experiments that the wake effect in a model may not 
be quite reproduced on the ship, owing to the effect of length on the frictional resistance of the skin. 


Section 44. The Race Effect: (a) Single Screw.—Nince the function of the screw is to impart 
to the water a sternward velocity, it follows that the effect of the screw working before the rudder is to 
increase the relative velocity between the rudder and the water which surrounds it. Thus, this relative 
velocity would be, in the absence of wake, the speed of the ship plus the slip of the screw. 

The effect of the screw race was investigated at the N.P.L. by testing rudders behind the model, 
first with the screw removed and then with the screw working. Further, in order to find out what influence 
the wake had upon the race effect, the rudders were also tried behind fin plates, first without screw and then 
with screw working at the R.P.M. necessary to propel the model at the same speed, the screw being placed 
in an aperture similar to that on the model. 

Rudders A, B, C and D were tested and generally gave very similar results, for which reason only the 
mean results for all the rudders are shewn in Table VILI., calculated from the figures given in Baker’s paper. 


TABLE VIII. 


SHowine Pur Centr. INCREASE IN PressurE, TorQUE AND Suarp-TurNING-MOMENT DUE TO 
Smvete Screw Race. 


RUDDER BEHIND MODEL. 


8 KNots. 12 Knots. 
HELM. 
| i ie | M. B, | Ee M 
30° 148°5 185°5 83°5 145°0 125°0 96°0 
15° 151°0 159°5 815 1540 188°5 89°0 
RUDDER BEHIND FIN. 

jig as | Ls he 

| i] 

2 2 on 25 a 4 2 Trele 
30° 57°0 62°0 | 42°0 46°0 
15° 55°0 55°0 | 47°0 47°0 

| : 
PER CENT. OF TOTAL INCREASE THAT IS DUE TO PRESENCE OF SHIP. 
: ony z sop =2 
|. 80° 62-0 54°0 | 71-0 63-0 
15° 64-0 66-0 | 69°0 66°0 


It is interesting to see from this table that in all cases the ship-turning-moment was increased by 
the race, far less than the pressure and torque on the rudder. Baker attributed this, partly to the 
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inter-action between the rudder and the screw which causes the latter to develop more thrust on the side to 
which the rudder is put over, thereby causing a slight turning moment in the opposite direction to that 
produced by the rudder. 

In most cases the pressure was increased rather more than the torque which indicated a movement 
of the centre of pressure towards the stock, thus counteracting to some extent the reverse movement due 
to wake (see Section 43). 

The increase in pressure and torque, behind the model, appears to have been greater at 15° helm than 
at 30° although speed seems to have had but little effect. 

The effect of the screw race with the rudder behind a fin, was less than half the effect behind the 
model, the difference being attributable to the influence of the form of the model on the streams flowing 
towards the screw. Behind the fin the centre of pressure seems to have been less affected by the race, the 
increase in torque and pressure having been about the same. 

The figures at the bottom of the table shew that, of the total increase in pressure and torque due to 
the screw race, behind the model, some 64 per cent. was due to the effect of the model itself on the screw. 

The effect of varying the R.P.M. ata given speed of the model was also tried. It was found that the 
pressure and torque were approximately proportional to the R.P.M. and the centre of pressure was 
unaffected. 

Yawing experiments (see Section 38) shewed that the screw race reduced the time taken for the model 
to deviate 4° from its course by about 18 per cent. with 30° helm and 22 per cent. with 15° helm. 

On an average it would seem correct to state that the increases in pressure, torque and ship-turning- 
moment due to the race, in a single screw ship of *78 prismatic coefficient, are about 150, 140 and 87 per 
cent. respectively. 


Section 45. The Race Effect: (+) Twin Screw.—lIn a twin screw ship the race effect is 
necessarily less than in a single screw ship, because the rudder has to swing to a considerable angle before 
it enters the race and even at full helm only a part of the rudder is working directly abaft the screw. 


TABLE IX. 


Suewine Per Cent. [ycrease In Pressure, ToRQUE AND SHIP-TURNING-MOMENT DUE TO 
Twin Screw Races. Screws Turnina OurwarD. SPEED 12 Kyors. 


| 


BEHIND MODEL. BEHIND FIN. 
HELM. 
Rudder. | P. Ty, M. i P. ix 
H. 15 | 23 16 sgl ll 
30° 

dD. 4 | 5 5 1 6 
; H. ee es 6 | 3 5 

15° i 
Dz. i} aees7 | —4 —1 i 0 —2 


In this case the length of the rudder plays an important part and mean figures, for the rudders taken 
together, would be misleading. Experiments were conducted with rudders A, D and H, D being the 
shortest and H being a rudder specially designed to take advantage of the race. The difference between 
the results for 8 and 12 knots were small and in most cases nil; the results are therefore shewn in Table 
IX. for full speed only, for rudders D and H. 

For the rudders behind the model the table shews a large increase in torque compared with pressure, 
especially in the case of rudder H, due to the after edge of the rudder being affected by the race and the 
consequent movement of the centre of pressure away from the stock. It will be noticed, too, that the 
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increase in ship-turning-moment was comparable with that in pressure since, in this case, there was no such 
interaction between rudder and screw as was observable in the single screw ship (see Section 44). 

In some cases, at 15° helm, the pressures and torques seem to have been actually diminished and, 
generally speaking, the increases experienced were of a small order. The experiments behind the fin appear 
to have shewn inconsistent results. 

The table clearly shews the advantage of H over D and seems to indicate the adoption of this type of 
rudder for twin screw ships. 


, 


4 

Inward and Outward Turning Screws.—The above experiments were conducted with outward 
turning screws but a series of trials were carried out with rudders A, B and D behind the model with 
inward turning screws. 

The pressures and torques shewed an increase over their values for outward turning screws, of about 
15 per cent. each for 15° helm, and of 18 per cent. and 22 per cent. respectively at 30° helm, the centre 
of pressure evidently having moved still further from the stock in the latter case. The differences between 
the three rudders were small. The ship-turning-moment with inward turning screws was about 6 per 
cent. greater than with outward turning screws at both helm angles. 

It might be said that these increases were due to the effect of the run of the ship on the races 
because no such increases were observed for inward turning screws behind the fin plate. 


Alteration of Screw Dimensions.—The race experiments were completed by trying the effect of 
altering the diameter and pitch ratio of the outward turning screws. The different screws tested were run 
at the Rk.P.M. corresponding to speeds of 8 and 12 knots in the ship, when the rudder was fore and aft. 

It was found that increase in diameter (7.e. reduction in tip clearance and the angle at which the 
rudder reaches the race) increased the pressures, torques and ship-turning-moments ; increase in pitch 
ratio also slightly increased these values. The effect of varying the fore and aft position of the screws was 
found, by experiments behind a fin plate, to be practically nil, within the ordinary limits of position. 

In connexion with model race experiments, it should be pointed out that the thrust of the screw, or 
screws, for self propulsion of the model, at a given speed, is in excess of the thrust which would have to 
be developed by the ship’s screw for propulsion at the same corresponding speed. This is due to the 
variation of frictional resistance with length and necessitates the use of higher R.P.M. in the model than 
in the ship for the corresponding speed. 

Hovgaard calculated the effect of twin screw races on rudder pressure from the results of turning 
trials with one or both screws working. He found that the mean effect of the twin races, in the cases of 
the trials analysed, was about 6 per cent., a result of much the same order as that obtained at the N.P.L. 

Denny found the effect on torque to be from 6 per cent. to 7 per cent. in the twin screw ships with 
which he experimented. 


Section 46. Total Effect of Wake and Race.—The total effect of wake and race together was 
found in the N.P.L. experiments by comparing the results obtained with rudder behind a fin plate (having 
aperture or webs for single or twin screw series, respectively) with those obtained behind the self-propelled 
model. 

In the case of the single screw ship the race was found to outweigh the wake with 30° helm but 
at 15° the wake predominated. 

Table X. shews the mean of the results obtained with rudders A, B and D, the differences between 
them having proved small. In all cases the centre of pressure seems to have moved out a little from the 
rudder stock due to these effects. 

In the twin screw experiments (bottom of Table X.) the wake effect was found, even at 30° helm, 
to be much stronger than the race effect, resulting in a considerable reduction in pressures and torques 
behind the model as compared with those behind the fin. Rudder H, as would be expected, shewed less 
reduction than D. ‘The centre of pressure was again found to have moved further from the stock. 

The result of this investigation is, broadly speaking, this: if the pressure on a rudder and the 
torque on its stock have been calculated from the best available data obtained from experiments with 
inclined planes, an allowance must be added in the case of a single screw ship or deducted in the case of a 
twin screw ship to the calculated pressure and torque in order to obtain the probable force and moment 
acting on the rudder. 
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TABLE X. 


SHowinG Per Cent. INcREASE (+) oR DecrEASE (—) OF PRESSURE AND ToRQUE ON RUDDER 
DUE TO ComMuINED Errecr oF WAKE AND Race. 


SINGLE SCREW. 


| 
HELM. | RUDDER. 8 KNOTS. 12 KNOTS. 
ie Ab P T 
80° ) Mean of 3 9 12 17 
15° 1} A,B&D | <i) mali sa ait 


TWIN SCREW. 


—30 —19 —23 —16 
30° 
—46 —41 —40 —35 
—56 | —53 —50 
15° 
D —64 — 62 —61 —60 


Section 47. The Effect of Deadwood.—Since the streams, flowing along the inner side of the 
deadwood towards the rudder, are retarded when they change their direction at the rudder pintles, an 
increase in pressure takes place in that locality, causing an outward pressure on the deadwood, and an 
ate a the normal pressure on the rudder, both of which effects add to the ship-turning-moment 
produced. 


A number of interesting air experiments on this subject were carried out at the N.P.L. by Messrs. 
Cowley, Simmons, and Coales.* A rectangular rudder with an aspect ratio of 15 was placed in an air 
channel and tested for “cross wind force” (i.e. the force in a "thwarthship direction) both by itself and 
when placed with its leading edge against the trailing edge of a fin of twice its length, the cross wind force 
in the latter case being the total force on rudder and fin. It was found that up to about 15° of helm the 
presence of the fin did not materially affect the force; at 25° helm the cross wind force with the fin in 
position was 40 per cent. in excess of the force with the fin removed, while at 40° the pressure was increased 
by the fin 150 per cent. 


It was also found that, whereas a considerable hump occurred at 24°, on the pressure-helm curve for 
the rudder alone, no such hump appeared when the fin was in front of the rudder, the form of the curve 
then approaching that of a sine curve. Unfortunately the total force only, on the rudder and fin together, 
was measured in these experiments and so it is impossible to say how much of the increase of pressure 
was due to the increase on the rudder and how much to the pressure on the fin. 


* The effect of balancing a rudder. by placing the rudder axis behind the leading edge, upon the controlling 
moment on the machine by W. L. Cowley, L. F. G. Simmons, and J. D. Coales, Advisory Committee for Aeronautics, 
1916, Report and Memo No. 253. 
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A set of experiments carried out at the N.P.L. by Messrs. Jones, Williams and Bell* on a model of 
the airship R 29 throw further light on the subject. The rudders of this model were hinged to the 
trailing edges of two fins placed one above and the other below the after end of the body. The upper fin 
was reduced in area by two stages and the lateral force and ship-turning-moment were measured.  ‘l'able 
XI. has been deduced from the results of these investigations and shews on the whole that the effect of the 
fins is slightly more marked at the larger helm angle than at the smaller, a result agreeing with the 
researches of Cowley, Simmons and Coales. It differs because a considerable effect is discernible at 
such a small angle as 10 ; the two researches however were not quite parallel. 


TABLE XI. 


SHewine tHe Errecr oF Finxs 1n Front oF Ruppers. Arrsuip R29. 


Total area of upper and lower fins 


+ area of rudder... ee Se 2°88 2°25 1°47 
Comparative area of fin... ae 1 78 51 
Lateral force(F) ... * . 

Turning Moment (M) I M F = F M 
At 10° helm... oe tea a3 1 1 297 1 "85 83 
At 20° helm... ane Nee ae ai 1 “98 “98 ‘79 81 


Note: The figures are comparative only. 


It will be seen from the table that the first reduction in fin area, a reduction of 22 per cent., makes 
very little difference to the pressures or moments; this points to the conclusion that the original fin area 
was in excess of that necessary for obtaining maximum rudder efficiency. It is rather a question of 
relative length of fin and rudder than of relative area and it would appear that a length of fin about 1°7 
jn the length of the rudder (in a fore and aft direction) is the maximum required for rudder 
efficiency. 


Baker does not seem to have directly experimented on this subject, but in investigating the effect of 
immersion on rudder E some important facts were brought to light. With this rudder at 80° the value 


of oo was reduced by the presence of a fin, 134 per cent. at 8 knots and 8} per cent,at 12 knots. This 


result is contrary to the results given above and it is suggested that the small aspect ratio of this rudder, 
viz., about 4, may have partly accounted for the difference, or, it may have been due to the relative lengths 
of rudder and fin. In this case the fin had no effect at all up to 20° helm and the presence of a fin seems 
to have had little effect on the centre of pressure. 


The foregoing remarks on the effect of deadwood apply only to unbalanced rudders, the effect on a 
balanced rudder being practically destroyed by the large gap which must occur between the leading edge of 
the rudder and the sternpost or deadwood. (See Section 54.) 


* Experiments on a model of Rigid Airship R29.—By R. Jones, D. H. Williams, and A, H. Bell, Aeronautical 
Research Committee. Report and Memo. No. 714. 


———— 
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Section 48. The Effect of Screw Aperture and Pintle Gap.—The screw aperture and 
pintle gap naturally tend to modify the deadwood effect, discussed in Section 47. Experiments at the 
N.P.L. on a rudder behind fins, with and without a propeller aperture shewed that the torques and 
pressures on the rudder were increased by filling up the aperture about 6} per cent. and 3 per cent. at 8 
and 12 knots respectively, with the helm at 30°; the corresponding figures with the helm at 15° were 8 per 
cent. and 10 per cent. respectively. The centre of pressure shewed a tendency to move nearer to the stock 
when the aperture was filled in. 

Similar experiments were carried out with the rudder behind the model, first with the usual aperture 
but with the screw idle and then with the screw removed and the aperture filled in. The torques and 
pressures at 30° helm were increased in the latter case by 21 per cent. and 26 per cent. respectively and the 
ship-turning-moment by 56 per cent.; at 15° helm the corresponding figures were 12 per cent., 17 per cent. 
and 45 per cent., respectively. The important feature of these results is that the ship-turning-moment was 
increased, by filling in the aperture, more than double as much as the pressures and torques, thus shewing 
the great advantage of the pressure developed on the deadwood itself. The movement of the centre of 
pressure towards the stock was more marked behind the model than behind the fin. 


Pintle Gap.—The area of the pintle gap in these models was about 12 per cent. of the area of the 
rudder and further trials were carried out with this gap also filled in. The results shewed a reduction in 
torque due to the centre of pressure moving still further towards the stock, and an increase in ship- 
turning-moment of 3 per cent. at 15° helm and of 10 per cent. at 30° helm. 

Considering that the point at which the increase of pressure, due to the diversion of the streams is 
greatest, is coincident with the pintle gap, this gap may have almost as much effect in reducing steering 
efficiency as the screw aperture itself, and should therefore be kept as small as possible, especially in twin 
screw ships having no aperture. 

Finally the experiments point to the inadvisability of fitting an aperture in twin screw ships, as is 
sometimes done to allow of a slight overlapping of the screws. 


Section 49. The Effect of Screw Bossings.—lIt is clear that the presence of the bossings of 
a twin screw ship must exert an influence on the course of the stream lines flowing towards the rudder. 

Mr. Foster-King made one set of experiments with bossings fitted toa moderately full model, using 
the rectangular and two triangular rudders mentioned in Section 40. He found that the efficiency 
(presumably the ship-turning-moment) of the rectangular rudder was increased 15 per cent. by the 
addition of the bossings. Further the superiority of the triangular rudder wide at the water line, 
compared with the rectangular rudder, was more marked in the presence of bossings, while the inferiority 
of the triangular rudder wide at the heel was also accentuated. 

Bottomley, on the other hand, found that, in testing rudders behind a plain fin plate and one having 
web plates fitted to represent the bossings, the presence of the web plates led to a smali decrease in the 
pressure on the rudder. 

Evidently the results obtained by Foster-King and by Bottomley are at variance, but it must be 
pointed out that the experiments themselves were not parallel, one having been behind a model and the 
other behind a fin. 


Section 50. Immersion and Surface Effects—It was pointed out in Section 36 that the 
pressures on planes moving obliquely through water were considerably affected by the immersion of the plane. 
Havelock has shewn that there is a critica! relation between speed and immersion for the production 
of the maximum wave-making resistance by a submerged object. He shewed that, in the case of a 


sphere, the maximum wave-making resistance occured when the value of (where V = speed and 


h = immersion) was unity, falling rapidly for lesser values and slowly for greater values of the 
expression. ; 
Baker plotted the values of Av? for a given rudder to a base of speed and found that, although the 


curve was generally horizontal, a hump occurred at a certain speed ; this he attributed to the increase in 
pressure at the critical speed for maximum wave making. 

In the case of a rudder the greater the surface disturbance produced by it the greater will be the 
pressure, owing to the energy which is expended in forming waves. 


40 


In addition to the question of wave making the virtual aspect ratio is affected when the rudder is at 
the surface. When the top of the rudder is level with the surface the formation of the steam line flow 
round the rudder, assuming the surface to be flat, is, according to Baker, the same as the flow round the 
lower half of a deeply submerged rudder of twice the aspect ratio. Hence the virtual aspect ratio of a 


rudder at the surface, would be doubled. 
From Hiffel’s curves in Fig. 12, it may be seen that up to about 12° or 15° the pressures on planes 
increase with increased aspect ratios, but at greater angles the pressures depend, in an irregular way, on 
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the actual values of the aspect ratio. Thus, if rudders at the surface have their virtual aspect ratio 
doubled, it might be expected that at small helm angles they would develop greater pressures than when 
deeply submerged. 

Experiments were carried out by Baker with his rudder E (Fig. 14) at different submersions, run 
behind a fin plate. Figure 15 shews the results obtained, and curves for rudders B and D, run behind 
a fin at their normal immersion, are included for the sake of comparison. From these curves the following 
conclusions may be drawn :— 

(1) When rudder E was at the surface, and its virtual aspect ratio doubled, it gave better 
results than when submerged. ‘The two curves will be seen to compare well in shape with Eiffel’s 
curves for aspect ratios of } and 1; the K values are, however, somewhat lower. 

(2) Ordinary rudders gave better results than E at the smaller helm angles owing to their greater 
aspect ratio; at higher angles they gave worse results. These results also confirm those of Kiffel. 

(3) The dotted curve showing rudder E at 12 knots lay entirely below the corresponding 
curve at 8 knots, shewing that at the former speed the critical speed for wave making had been passed, 


———— 
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Another feature affecting the pressure on an ordinary rudder, projecting above the surface, is the 
piling up of water on the front of the rudder and the denudation of the back, the two effects more or less 
balancing one another. 


Section 51. Calculation of the Diameter of the Stock for an Unbalanced Rudder.—The 
immersed area of one side of the rudder having been calculated the pressure on its surface can be obtained 
from the formula P=KAY?, K being the constant for the maximum helm angle, gathered, with due 
consideration, for all the features of the case, from such researches and data as may be available. 

The torque on the stock may then be calculated by multiplying the calculated pressure on the 
rudder by the distance of the centre of pressure from the centre line of the pintles. 


If no appreciable bending takes place the diameter of the stock can be calculated from the formula 


3 7 Yh J . . ey . 
D= af See where T is the torque and f the desired working stress—say, 5 tons per square inch for 
= : 
steel or 4 for iron, care being taken to use consistent units. If it is desired to express D in inches, f° 
: ; g (612 T 
in tons per square inch and T in tons-feet, this formula would become D= 3 / 2-=—. 


If the rudder is of such construction that a bending moment of importance occurs, the bending 
moment must be combined with the twisting moment so as to obtain the “ Equivalent Twisting Moment.” 
then be substituted for T in the above formula. In the ordinary merchant ship rudder, supported by ; 
several pintles the bending moment would be negligible, but in balanced rudders the bending moment is 
likely to be greater than the torque. 

In dealing with ships of approximately the same form (‘78 prismatic coefficient) as the model 
employed in the N.P.L. experiments the values of K given by Baker and Bottomley will be useful. 
. : 
Table XII. has been calculated from those values but the figures have been so altered that they apply to 
pressures In tons and speeds in knots. 


TABLE XII. 


Values of K! in formula P = K! A V2, 
where A = Immersed area of one side of the rudder from the centre line of the stock to the 
after edge, in square feet, 
V = Speed in knots, 
P = Pressure in tons. 


| : | 2 
Helm Angle ...| 10 | 15 20° | 30° 35° 
RUDDER. SrmnaLte Screw SuHrp. 
A "00057 | “00084 “00107 | “00140 “00158 
| 
D ‘00057 | ‘00078 | 00095 =| = 00127 “00144 


Twin Screw SHIP. 


A 00020 00033 00047 | ‘00076 00088 
D 00020 «| = 00082 | ~S 00045 00070 =| 00088 
H .00022 | 00087 | 00053 00089 | 00108 
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The distance of the centre of pressure abaft the centre line of the mainpiece in either a single or 
twin screw ship of this type, may be taken as steadily increasing from °34 7 at 10° to *46 1 at 35° where / 
is the mean length of the rudder from the centre line of the mainpiece to the trailing edge ; the difference 
between single and twin screws in this respect is negligible. ‘The word “ mainpiece” has here been used 
purposely to distinguish between ordinary rudders and the model rudders used by Baker. In the latter the 
stock ran from deck to heel and formed the axis of rotation while in ordinary practice the mainpiece is abaft 
the centre line of pintles and stock. 


In calculating the diameter of the rudder stock an allowance must be made to cover the extra twisting 
moment involved in overcoming the friction of the rudder bearings and pintles ; this is specially important 
in some types of balanced rudder. 


Section 52. The Friction of Rudder Bearings.—The friction of the bearings can only be 
satisfactorily obtained from experiment on actual ships, the friction of the ball bearings used in model 
“experiments being negligible. 


Suppose two curves of torque helm be drawn from torque measurements taken during the trial, one 
for the outward passage of the rudder from amidships to hard over, and the other for the return movement ; 
the moment due to water pressure will have been the same in magnitude and direction in both cases but the 
moment due to friction will have acted in an opposite direction during the two movements. The two 
curves will therefore be separated at all angles by an amount equal to twice the frictional moment and a 
mean curve drawn between them will represent the nett torque due to water pressure. 


Denny found that, in the ships he experimented with (see Section 39), the frictional moment amounted 
to some 22 per cent. of the nett twisting moment, but the spade rudder of those ships is probably one of 
the worst types in this respect. 


If no previous data were available approximate calculations could be made for the frictional moment 
by the use of suitable coefficients of friction applied to the reaction on each pintle. The latter can be 
estimated by assuming the rudder to be discontinuous at each pintle and calculating the load on each 
section separately. Such calculations depending as they do on the suitable selection of the coefficient of 
friction, can only be of an approximate nature. 


Section 53. Astern Conditions—In Section 51 it was assumed that the maximum torque 
occurring in the stock was that experienced at full speed ahead. 


The torque on the stock when moving astern is greater than when moving at the same speed ahead 
owing to the centre of pressure being further from the stock. In practice, however, the speed astern is 
never as great as the speed ahead and the R.P.M. are rarely more than 80 per cent. of the ahead R.P.M. 


Experiments were conducted at the N.P.L. to determine the relation between torques ahead and 
astern. For the single screw model, with rudder D, the torques for movement ahead exceeded those for 
movement astern so long as the speed astern was not greater than 80 per cent. of the speed ahead. For 
the twin screw model the corresponding figure was about 60 per cent. Rudders © and D gave more 
torque when moving astern than did B owing to their tendency to pile up water at the surface. 


The effect of the race, with twin screws backing at R.P.M. for propulsion ahead at 12 knots, increased 
the torque by about 45 per cent. 


It was found, for the twin screw model, that with screws reversed at R.P.M. for 12 knots ahead, the 
model moved astern at 9 knots. If, therefore, full R.P.M. were available in the ship for the screws when 
reversed, it would be necessary to base the torque-calculations on astern conditions. For this purpose the 
centre of pressure should be taken at about °6 of the mean length abaft the centre line of the mainpiece. 


Section 54. Balanced Rudders.—The first patent for a balanced rudder was taken out by 
Earl Stanhope in 1790 and the principle was certainly put into practice as early as 1819. 


A balanced rudder is less efficient than an unbalanced one owing to the loss of deadwood effect. 
(See Section 47.) 
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Messrs. Cowley, Simmons, and Coales tried experiments with a rudder behind a fin placed in a current 
of air moving at 40 feet per second. The rudder was first used as an unbalanced rudder with its stock at 
the trailing edge of the fin and subsequently the stock was moved to other positions in the length of the 
rudder, giving thereby various degrees of balance. Fig. 16 shews the curves of total “cross wind force” 
on the rudder and fin, both as an unbalanced rudder and as a balanced rudder having its stock placed one- 
third of the length from the leading edge. 

From these two curves it will be seen that : (1) The total cross wind force at large angles on the 
balanced rudder and fin was only about half the force on the unbalanced rudder and fin, and (2) the 
curve for the unbalanced rudder approaches the shape of a sine curve while that for the balanced rudder 
resembles EHiffel’s curve for a plane of the same aspect ratio, viz.: 14. (See Fig. 12.) 
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Position of the Stock.—The stock of a balanced rudder should be so placed as to equalise, as far 
as possible, the torque for ahead and astern conditions, due consideration being given to the relative speeds 
in the two cases. In most cases the area abaft the stock is about twice that before the stock, i.e., the 
stock is placed near the position of the centre of pressure for motion ahead. 


Section 55. Conclusion: The Future.—In spite of the great volume of work, on the subject of 
steering already completed there remains a greater amount still to be done. 


The experiments of Baker and Bottomley, thorough as they have been, have so far left uutouched 
the relation of the form of the model to rudder forces. Similar ae hae to theirs should also be 
carried out on balanced rudders behind twin and single screw models of varying coefficient. The 
researches on immersion and surface effects still leave much to be investigated. Experiments on the effect 
of deadwood haye, so far, been confined to the total effect on rudder plus deadwood ; further experiments 
are therefore needed to separate the effect on the rudder pressure and on the deadwood itself. From 
properly conducted, full scale experiments on the friction of rudder bearings much could be learned as to 
the best way of constructing these parts. 


Finally, the provision of a suitable margin of safety to cover heavy weather stresses (see Appendix 
LV.) is a matter which urgently calls for research. 


APPLICATION OF 
I. Data :— 
From Sup. 


Displacement 
1b pl ees 
Breadth at W.L. 
Mean draft Some 
Area of midship section 
» middle-line plane 
0.G. of ditto forward of C.G. of ship 
C.G. of ship forward of rudder stock = 
Square of radius of deo of 
middle-line plane ao 
Area of rudder... ee 
C.P. of rudder abaft stock ... 
Coefficient of fineness of middle- 
MG MIATION one Meccscies, sasuulsaene [ 
Prismatic coefficient 


II. Pressure on Rudder (P). 


to a helm angle of 35°. 


p 


Norre.—EN is the distance of 


IV. Centrifugal Force. 
My’ 


R 


V. Lateral Resistance. 


From Equation (1) 


ll 


Hil i 


VI. Leverage of Q about C.G. 
From Equation (3) = 
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APPENDIX I. 


Equations oF Motion to TrraL REsvuts. 


From Trrat Resutts. 


2,870 tons. Speed before turning = 148 knots 
270°2 ft. Speed during turn ... = 16°8 ft. per sec 
43°4 ft. Helm angle = 35° 
17°3 ft. Radius of turning circle... = 559 ft 
648 ft.’ Drift angle ome =77° 
4,465 ft.’ Thrust of P. screw ... = 9 tons 
‘BB ft. re ee. Ore Ses eee eli, 
132°68 ft. Difference assisting rudder =2, 
Steering moment of screws = +17°2 tons-ft. 
5,883 ft. 
101°7 ft.? 
3°3 ft. 
*955 
574 


P=Av’ f, = 1017 x 16'8° x ‘000545 = 15°65 tons. 


Nore.—f,, is taken from a curve constructed by Joessel’s formula, and is the coefficient corresponding 


III. Leverage of Rudder Pressure about C.G. of Ship. (p.) (See Section 3.) 


132 63 cos 35° + EN (Fig. 4.) 
(132°63 x °819) + 3°3 
112 feet. 


the centre of pressure of the rudder abaft the stock. 


2870 x 16°8° 
82°2 x 559 


“- 


= 44-9 tons. 


(Q or X sin .) 


Mv? 

Ro cose + P cosa 

44°9 cos 7°7 + 15°65 cos 35° 
(44°9 x *9909) + (15°65 x *819) 
57°3 tons. 


(a.) 
Pp+L 
ee 
(15°65 x 112) + 17-2 


573 = 30°9 feet. 


VII. Fore and Aft Resistance. (X) cos p. 


My’. 
From Equation (2) = T — P sina — ~~ sin > 
= 20 — (15°65 x °574) — (44°9 x *1340) 
= 5 tons. 
VIII. Total Resistance (X) and Angle y. 

X sin ak ES : 

y = tan” Coot = tans = = tan” 11°46: 85° 
x q 573 57°3 575 t 
“ = sin 85° ~ *996 — on: 


APPENDIX II. 
PREDICTION OF Rapius oF TuRNING CrrcLE FROM HoveGaaRrn’s FoRMULA. 


The same Ship as in Appendix I. 
Assume Drift Angle of 8 


r ") M ‘08 


(b 8 ie) Se dp We s IX, cos a 


K, from curve 
K, 


“000347 


262 


, “57: 2 x 2870 pod 
(955 xX 5883 xX °262 x °819) + (7a x 112 x nd x ’) 
‘ 


322 x ‘000347 x 4465 
(574 x 112) + (955 x 53 x 262 x 819 


(b —s) = 


= 75°6 feet. 


ge K, 8 (b —s) — Mcos¢$ 
A cos a f(a) 


2 ) 
(000847 x 4465 x 75°6) — (555 


101°7 x *819 x °000545 


= 645 feet. 


Check on Correctness of Assumed Drift Angie. 


ing a aces atari 
R 645 
¢ = about 7 
Nore.—b — s = 75°6, s = °53 Se le (GPE 


The difference between cos 8° and cos 7° is only ‘00174, which is not sufficiently great to affect 
the results, 
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APPENDIX III. 


STEERING IN SHALLOW WATER. 


This subject has been investigated by the tank staff at the N.P.L. under he direction of Mr. Baker. 
(See paper to I.N.A., 1924.) 


The chief differences which occur in passing from deep to shallow water are as follows :— 


(1) The stream lines flowing towards the rudder are restricted to a more or less horizontal 
flow, unlike the diagonal flow observed in deep water (see Section 42). The relative divergence of 
the streams is thereby increased and greater instability of wake is likely to result. 

(2) The virtual mass of the ship is increased due to increased eddy making. 

(3) Instability of stream line flow between the bottom of the ship and the ground is likely to 
occur owing to the frictional drag of the skin. 

(4) The deadwood effect (see Section 47) will be increased by the more horizontal flow of the 
stream lines, the consequence of this being an increase in ship-turning-moment from the 
deadwood pressure. 

(5) The speed will decrease and the slip will increase with the result that the increase of 
pressure on the rudder due to the race effect will be more than in deep water. On the other 
hand the greater velocity of the slip stream causes the water surrounding the screws to be drawn 
in to the screws and consequently the sternward flow of the water at the rudder stock will be 
diminished. 


If the shallow water is also restricted in breadth, as in a canal or dredged channel, considerable 
turning moments are produced by the water when the vessel approaches either bank, generally resulting 
in her taking a sheer towards the opposite side. 


A model was tried at the N.P.L. in a channel representing the Suez Canal to the scale of the model. 


The results obtained shewed that the value of a (as defined in Section 40) with 30° helm was two- 


and-a-half times as great in the canal as in deep water and at 15° helm about twice as great. The same 
R.P.M. were used for deep water as in the canal, and the model being self-propelled in both cases the 
speeds were found to be those corresponding to 10°4 and 6°5 knots in deep and shallow water respectively. 

Yawing experiments (see Section 38), however, shewed that in spite of the greater ship-turning-moment 
developed in shallow water the model took a greater time to turn a small angle from her course. Baker 
suggests that the explanation of this paradox lies in the great increase of the virtual mass moved. 


Further model results shewed that unsteady steering begins to be exhibited when the draft exceeds 
‘7 times the depth of water and that the highest speed at which large vessels can safely proceed in the Suez 
Canal is about 6} to 7 knots according to the draft. 

Another series of experiments was carried out in order to ascertain the best way to use the screws of a 
twin screw ship when the helm alone is unable to cope with a sheer across the canal. The result is given 
in conclusion (5) at the end of this Appendix. 


Finally experiments with rudders similar to D and H (Fig. 14) again emphasised the superiority of the 
latter type for twin screw ships. 

In order to obtain some full scale experience, Baker made the passage of the Suez Canal in eight large 
ships, seven of which were twin screw and one single screw. Observations were taken of the frequency with 
which the helm was used, of the helm angle required to keep the vessel on her course, and of the effect of 
various manceuvres with the screws when the rudder proved insufficient. 

Of the vessels under observation some were fitted with balanced, and others with partially balanced or 
unbalanced rudders of various shapes. No one type of rudder was found to exhibit merit in itself, but the 
steering efficiency was found to depend largely on the angle at which the after edge of the rudder reached 
the screw race; in the best steering ship this occurred at 8}°. 

The effect of draught was clearly shewn by three sister ships, one of which had a mean draft of 
26°3 feet, while that of the other two was in the neighbourhood of 23 feet, The ship with the deeper draft 
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was found to be very inferior in steering compared with her two sisters, which fact was probably due to the 
15 per cent. greater mass and inertia in the former and to instability of flow caused by the decrease in 
clearance under her bottom. In deep water the steering of all three ships was equally good. 

It was also observed that the ships dragged along a certain amount of dead water in the neighbourhood 
of the stern post, pieces of wood thrown into the water at that part following the ship for some considerable 
time. The upper part of the rudder, therefore, can be of little use under these conditions. 


The effect of a following current in the Canal is probably disadvantageous to steering while that of a 
head current might prove advantageous. 
The general conclusions to be drawn from the above investigations are as follows :— 
(1) Steering in shallow water is likely to be more difficult than in deep water especially in 
narrow channels. 
(2) In twin screw ships the rudder should be designed to swing into the screw race at as small 
an angle as possible and therefore a rudder of type H (Fig. 14) is desirable. 
(3) For good steering the screws should be placed near together so as to avoid the slowing down 
of the streams between them. 
(4) The ordinary Suez Canal extension piece fitted to the rudder near the water line is practi- 
cally useless. 
(5) To correct a sheer across the canal by means of the screws it is better to stop the outidse 
screw than to increase the speed of the inside one and it is wrong to put the outside one astern. 


APPENDIX IV. 
Hravy WEATHER CONDITIONS. 


(a) A description of an hydraulic apparatus for measuring the force on the quadrant was given by 
Mr. Arthur F. Maginnis in a paper before the Institute of Naval Architects in 1884. By this apparatus 
the force exerted on the quadrant could be measured continuously and the approximate position of the 
C.P. of the rudder being known the corresponding force on the rudder could be calculated. 
Three examples of the forces due to heavy weather were recorded as follows :— 
(1) The ship was on a following sea using starboard helm with a pressure on the rudder of 
8°66 tons. As the stern was lifted by the sea the pressure on the rudder was suddenly reversed to 
42 tons in the opposite direction. 
(2) In Mid-Atlantic with a heavy following sea, the rudder pressure was suddenly reversed, 
reaching a maximum of 70 tons. 
(3) In a North Atlantic gale a momentary load on the rudder of 85 tons was recorded, 
whereat the recording instrument was broken. 


(+) Surveyors are not infrequently confronted with rudder stocks alleged to have been twisted by the 
force of the seas, especially in vessels trading in the North Atlantic. 

A case has recently come before the Author’s notice of a 420 feet cargo vessel in the North Atlantic 
trade having had her rudder stock damaged by heavy weather. The stock was 14 feet long by 105 inches 
diameter and was twisted about 6°. 

A permanent twist of 6° might be caused by a succession of comparatively small blows, each 
straining the material slightly beyond its elastic limit, or by one heavy blow. The officers of the ship 
were unaware of any one sea having done the damage. One thing, however, can be said with certainty, 
namely, that the rudder stock was stressed beyond the elastic limit. 

It is difficult to find a reliable figure for the torsional elastic limit of forged ingot steel but for the 
purpose at hand 10 tons per square inch has been selected. From this figure the minimum torque which 
acted on the stock can be calculated. 


Thus :—T = -196 f d?=°+196 x10 x 10°5* = 2,270 tons-inches or 189 tons-feet, 
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(c) It is interesting to speculate as to how such a torque could have been produced by the action of 
the seas, 

Having studied the circumstances of the damage, both by the log book and by discussion with the 
officers of the ship, the author was led to the following conclusions :-— 

(1) The ship was in a following sea amongst waves about 450 feet long and 85 feet high. 

(2) Her speed was 10°2 knots. 

(3) Owing to the considerable yawing of the ship before the heavy sea and to the consequent 
use of large helm angles the rudder might have been at any angle up to, say, 45° relative to the 
direction of motion of the surrounding water, at any particular moment. 

(4) The speed of the broken water on the wave crest would be at least equal to the speed of 
wave progression and the depth of the layer of broken water might be about 5 feet. The density 
of this broken water would be slightly less than that of solid water. 


(d) Consider a trochoidal wave 450 feet long x 35 feet high. 


: ; Le /450 ¢ — 
Speed of progression = 4 / >— = >= = V 2310 = 48 feet per second. 


? 450 
Period = - « = 9°36 secs. 


: : - : " h 
Radius of motion of surface particles = > = > = 17°5 feet. 


These particles trace out a complete circle every 9°36 seconds. 


oR 
.. Tangential velocity of surface particles = — = 11°75 feet per second. 

The radii of motion of the sub-surface particles are less than of the surface particles. At a depth of 
25°5 feet below the surface, i.e., the depth of the rudder when fully immersed, the radius of motion of the 
particles is about °7 times that of the surface particles. Hence, the speed of the particles considered in 
the following calculations is the mean speed for the depth of rudder immersed, and has been taken from a 
curve constructed for the purpose. 


(e) The rudder can now be considered in two cases, (1) at the trough of the wave and (2) at the crest. 
Owing to the period of pitching of the ship being independent of the wave period the rudder may be either 
deeply or lightly immersed in either position. 


Case I. Rudder Immersed to 25-5 feet in the Trough.—Here the speed of the rudder relative to 
the surrounding water = speed of ship + mean speed of wave particles. Speed of ship, 10°2 knots = 
17°22 f.p.s. Speed of surface particles = 11°75 f.p.s. _.*. mean speed of wave particles = 11°75 x *84 
(from curve) = 9°86 f.p.s. Hence relative speed of rudder = 27:08 f.p.s. 


From drawings of the ship the immersed area of the rudder was found to be 135 square feet 
and the mean ordinate 5°305 feet. .*. the C.P. for ahead motion = say, 2°33 feet abaft centre of main- 
piece = 3°35 feet abaft centre line of pintles. 


Suppose the rudder is, at the moment considered, at 30° to its relative line of motion, then the 
K value from Baker’s researches = 1'1, 
LL) X»185:,%, 27°08? 
-———_—_ —_— = 49 tons. 
2.240 


aye 


Pressure on Rudder = 


And the torque on the stock = 49 x 3°35 = 164 tons-feet. This torque gives a stress on the stock of 
8-7 tons per square inch, and it should be remembered that the case is a usual one during winter in the 
North Atlantic, 
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Case II. Rudder at the Wave Crest, Immersed 8°5 feet in Solid Water and 5 feet in 
Broken Water :— 


Area of rudder in solid water = 45°25 square feet. C.P. for motion ahead = 874 feet abaft the 
yintles. 
' Reduction in speed of particles due to sub-surfaces = 95 (from curve). .. Mean speed of 
particles = 11°75 x ‘95 = 11:2 f.ps. 

Relative speed of rudder = 17°22 — 11°2 = 6 f.ps. K as before is about 1°1 with the rudder 
at 30°. 
rg Wye ties (ix 
2,240 


Pressure on Rudder = -= ‘8 tons. 


.. Torque due to solid water in, say, a clockwise direction = °8 x 3°4 = 2°7 tons-feet. 


The layer of broken water will produce a torque in the opposite direction. Suppose this layer is 
5 feet deep and moving at a speed of 48 feet per second. 

Speed relative to rudder = 48 —17°22 = 30°78 f.p.s. 

Area of rudder in broken water = 33°75 square feet. 

©.P. abaft pintles (for motion astern) = 5:05 feet. 

Take the density of broken water to be *9 and the K value as before 1-1. 

* QO.507 2/792 +f 
Pressure on Rudder = oe ae fe fo X "9 _ 14-18 tons. 


Torque due to this pressure in a counterclockwise direction = 71-3 tons-feet. 


The pressure due to broken water may be considered as a live load and therefore a torque of double 
71°83 tons-feet, or 142°6 tons-feet, will momentarily be produced. Hence deducting the opposite torque 
due to the solid water the nett torque produced will be about 140 tons-feet which is equivalent to a stress 
of 7°46 tons per square inch. 


(f) Neither Case I. nor Case IT. produce quite enough torque to stress the stock beyond the assumed 
clastic limit therefore the damage must have been produced by an impulsive force. 

If the length of the stock is 14 feet from the coupling to the deck bearing the angle of twist for a 
stress of 10 tons per square inch may be calculated as follows :— 


2 fil 
CD 
(=11 x 10) and / = length. 
2 x 10 x 14 x 12 x 2,240 
11 x 10° x 10% 
= 3°-44' 
The work done in twisting the stock = } T x i where T is the torque and i the angle in radians. 
* 189 x 2,240 
a Myo Se II 


5) 
= 13,792 foot-lbs. 
This work is done by the partial destruction of the kinetic energy in the broken water. 
Consider a mass of 1 ton of broken water meeting the rudder with a velocity of 48 f.p.s. and 
finishing with the velocity of the rudder, viz., 17°22 f.p.s. 


A. oP 2,240 
The kinetic energy lost = 4 x = 
By 2 * “32-9 


Angle in radians = with notation as in Section 51 and where C = Modulus of Rigidity 


= ‘0651 radians. 


x (48? — 17:2%). 


= 70,000 foot-lbs. 
Of the total kinetic energy lost by the ton of water only a part would be extracted by the rudder 
but these figures shew what a comparatively small quantity of broken water striking the rudder is required 
to stress the stock above its elastic limit and so to give it a permanent twist. 


DISCUSSION ON Mr. M. M. PARKER'S PAPER 


ON 


“THE STEERING OF SHIPS.” 


Mr. A. G. AKESTER. 


At a time when the bookstalls are covered with Christmas numbers of every conceivable variety it is 
not surprising that Mr. Parker has followed suit and given us a bumper paper. This is true, not only 
from the point of view of size, but also on account of the assembling together of short papers written by 
men eminent in their profession, which in this case principally takes the line of experimental work. 

The whole arrangement of the paper is extremely well done and I think Mr. Parker would be the 
first to acknowledge the assistance of the printing house in making this possible. There is one thing 
about those at our printing house—they may take their time in starting a job, but once they do start, 
their whole idea seems to be to make it as excellent a piece of work as any they have previously 
undertaken. 


As for the efforts of Mr. Parker himself, there is really no need to say anything about these for they 
speak so well for themselves. It may be said, however, that the paper before us represents but a tithe of 
the work necessitated by such a method of presentment, for in this connection it is just as difficult to 
know what to leave out as it is to decide what to put in. 


It is not altogether an easy matter, either, to know just where and how to commence a discussion. 
My own point of view is that where one is confronted with a mass of detail gathered from all sources 
there is only one thing to do in discussion, and that is to treat the subject quite broadly. 


The reverse also would surely be true; that where a subject is treated broadly, the purpose of 
discussion would be to fill in the details. 


We, this evening, are therefore let off lightly, since the author has been kind enough to supply in full 
measure ail necessary details. 


Practical experience in a question such as the steering of ships is, at least to many of us, not very 
extensive. In my own case it is confined largely to full speed steering trials of quite a number of ships 
widely different in type. I remember it used to be the Admiralty custom, at least for some ships, and 
doubtless still is, to test the steering engine and gear when the vessel was going full speed ahead, and also 
with the shafts going astern at one-third the revolutions required for full ahead speed. The procedure, 
generally, was to put the helm hard over one side and complete the circle, and then do the same with the 
helm hard over on the other side. It was customary to take the time from the first movement of the 
steering wheel to the completion of the circle and also to measure the diameter of the circle. Further, 
the time was taken for the helm to be put over from the middle line to, say, hard a port, then hard a port 
to hard a starboard ; back again to hard a port, and so to middle line. 

T may say it was always rather a tense moment on a destroyer going full speed—anything up to 40 
wires the helm was first put hard over, for one never felt quite sure how the little craft would 
take it. 
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For the purpose of this discussion I have looked up a few results of such trials, and taking three 
pkg ships whose speeds are roughly in the proportion of 1: 2: 38, it is of interest to note, as an average, 
the time to complete the circle in the first case was of the order of 8} minutes, while for both the other 
cases it was more like 2} minutes. The diameter of turning circle over a number of trials averaged 3 to 4 
lengths. The time taken to put the helm hard over from side to side was generally about 16 seconds, 
although an extremely sensitive helm would sometimes do it in 9 seconds. The effect of turning also 
reduced the number of revolutions by about 10 to 12 per cent. It will be seen by reference to 
Mr. Parker's paper that these figures are generally in agreement with good turning results given there. 
It does, however, seem a remarkable performance that ‘‘ Yashima” should turn round in two lengths, and 
I should like to ask the author whether there was any special reason for this, or just a fortuitous 
combination of relevant factors. 


I should like now to comment upon one or two points in the paper. First, Section 18, which 
suggests that a slight trim by the head might improve the steering qualities of a ship. Is this meant in 
still water only, or in a seaway? It has become almost a fetish for shipbuilders to arrange for a trim 
by the stern, and if it were found that actually a few inches one way or the other made no difference, I 
think it would be a great advantage to those responsible for such matters. 


Again, Section 47 gives the effect of deadwood on steering. In this connection it may be recalled 
that before and during the construction of the “ Mauretania,” a model, one-sixteenth full size, was used 
for experimental purposes, and one of the problems set was to try the effect on steering and turning 
of variations in rudder and screws. These experiments proved among other things that by cutting away 
the deadwood the space required for turning the ship could be reduced as much as 25 per cent. This 
hardly seems to be in agreement with Section 47. 


At the conclusion of Appendix IIT. of the paper it is stated that ‘the ordinary Suez Canal extension 
piece fitted to the rudder near the waterline is practically useless.” This, I take it, was one of the 
findings of Mr. Baker as a result of his peregrinations of the Canal. Is one to infer from this that such 
extension pieces should be abolished, and if so, is there anything proposed for the single-screw ship as an 
alternative ? 


I have spoken quite enough, but should not like to close without a reference to Appendix IV. 
on heavy weather conditions, which is as interesting as any part of the paper. The author there attempts 
the very difficult proposition of seeking to translate an observed fact—that of the twist in a rudder stock 
—into a reasoned theory. It may be said generally that damage through heavy weather accounts for at 
least one-third of the breakdowns of steering apparatus on board ship. The remaining two-thirds may be 
divided between damaze through grounding and collision, and through ordinary wear and tear. It is 
impossible to eliminate altogether the risk of damage through heavy weather since it is not practicable to 
supply the necessary margin of strength for such continyencies. It would appear, therefore, that the 
shipowner must count himself fortunate if, sooner or later, the captain of one or other of his vessels does 
not have to cope with the loss of a rudder, fracture of mainpiece or rudder head, or damage to steering 
arrangements on deck of a more or less extensive nature, depending upon the severity of the seas 
encountered. Some damage of this nature would appear almost inevitable. 


I have but one other suggestion to make, and that is that the author add a bibliography of his 
subject to the discussion. This would facilitate reference at any time to the papers which Mr. Parker 
must have consulted in compiling his own paper, not all of which are mentioned in the text. 


I wish to thank Mr. Parker most heartily for his paper. 


Mr. J. Hopason. 


Mr. Parker is to be congratulated upon presenting the Association with a very comprehensive 
account of all the published matter of importance on Steering. If one may be allowed to criticise, 
however, I think that in endeavouring faithfully to present a wide reading of the subject, the author has 
not perhaps given the necessary emphasis to the more salient features of the problem, and how these are 
affected by the conclusions from the recent researches which he has reviewed. 
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A good deal of time would be required to discuss the whole of the interesting matter contained in 
the paper and one can only expect to deal with some of the points raised. I will briefly mention a few 
things, which have occurred to me after a first reading of the paper. 


Power of Steering Engine :—I think the author should have made it clear in his remarks on 
page 8, that it is usual, in practice, to add an allowance (usually about 25 per cent.) to the calculated 
twisting moment on the rudder, as a basis for the Effective Horse Power of the Steering Engine. 


Turning Trials:—A number of years ago it was one of my interesting duties to run Turning 
Circle Trials of different war vessels built by my employers. I may as well confess that these trials 
were considered to be a great nuisance by all excepting the recording party. The publication of 
Hovgaard’s analysis proved of great interest and use to us, and subsequently, in an endeavour to obtain 
fuller and more accurate data, we somewhat altered the usual method of recording the circle as described 
in the paper. Instead of taking angular readings of the buoy at every 45° of the turn, we took readings 
at equal intervals of time ; at each interval the ship’s compass bearing was also noted. 


By this means we not only obtained a greater number of spots, but also a more accurate record of the 
retardation and speed of steady motion. The revolutions and torsionmeter readings completed the record. 
For the purpose of analysis by Hovgaard’s method, the drift angle was always assumed, and I agree with 
the author that this assumption should not materially affect the estimates ior the circle of new ships which 
are closely similar in type. 


Effect of Speed on Radius of Circle :—The author states, in Section 30, that the radius of the 
circle is independent of the speed ; and it is true that Hovgaard found this to be so within the limits of 
his experiments. I think that this statement requires a little qualification; most of the vessels dealt with 
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were run at very moderate values Sr , usually below unity, and within this limit the assertion is 


probably correct. In the case of high speed vessels, however, manceuvring at speed length ratios much 
above unity, the radius appears to be appreciably greater for high speeds ; this is found to be the case in 
the few high speed vessels amongst Hovgaard’s group, and applies to several cases with which I am 
acquainted. 


The reason may be, that the Hydraulic Resistances are varying at a higher power of the speed. 
Another factor of great relative importance at high speeds is the time taken to get the he!m over. 


Pressure on Rudder—Effect of Wake and Race of Screw :—The recent research of Baker at 
the National Tank, cast considerable light on this matter and will, no doubt, lead to some modification to 
the assumptions previously made in calculating the rudder pressure, for the purpose of fixing the 
diameter of the rudder head. 

The present paper, in my opinion, would have been more useful if Baker’s results had been given in 
their original form and complete for say two ordinary forms of rudder; a better conception of the 
significance of the results would then I think have been gained. 


The values of the co-efficient K in the formula P=K A V? suggested by Baker for the pressure 
on the rudder, and treated in Section 51, appear to give rudder pressures considerably in excess of 
those which would be determined from the well-known formula based on Beaufoys results, viz.:— 
112 A \? sin @ in which V is the speed of the ship suitably increased (by about 10 per cent. in single 
screw ships) for propeller race. 

At the same time it may be interesting to mention that, in three cases at any rate which I have 
tried, Baker’s formula in conjunction with a working stress of 5 tons per square inch would give a 
diameter of rudder head less than the present practice as represented by the Rules of this Society. 

With reference to the effect of race of screw, it is stated on page 80 (4th paragraph from top of 
page) that :— 

“the effect of the screw race with the rudder behind the fin was less than half the effect behind 


the model, the difference being attributable to the influence of the form of the model on the 
stream flowing towards the screw.” 
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It seems to me that the reason for the greater effect of the screw race on the rudder behind the 
model, compared with that on the rudder behind the fin, is more simply explained. Baker ran these 
two screws at the same revolutions for the same speed of translation, consequently the screw behind the 
model would work at a greater slip (owing to the presence of wake) than the screw behind the fin, and 
therefore the ratio of the velocity of water impinging on the rudder with screw working, to the corres- 
ponding velocity without the screw, would be much greater for the model. 


I desire to add my thanks to Mr. Parker for his paper. 


Mr, 8S. F. Dorry. 


In the equations given on pages 5 and 6 in connection with the angle of heel due to turning, it is 
stated that the centre of lateral pressure acts at a point approximately half the draft, or a little less, below 
the water line. It is no doubt difficult to determine the actual position of this point owing to the unequal 
distribution of the lateral pressure which will vary with the speed of the vessel, trim, &c., but I should 
be glad to know whether it is possible to define its position in relation to the half draft mark, that is, 
whether it is above or below this level. 


The author suggests a method for obtaining the effective horse-power of steering engines from the 
consideration of the moment of rudder pressure about the axis of the pintles, but a suitable allowance has 
to be made on account of the frictional moment which will vary considerably according to the type of 
rudder and gearing. It would be useful to know what is the general method adopted for determining 
the most suitable size of steering engine to suit a particular type of vessel. 


Ina paper read before the Institute of Engineers and Shipbuilders in Scotland, 1911, Professor 
Purvis proposed the following rule, which is applicable only to merchant steamers ;— 


D7? = si x Xd, 
Where D = diameter of cylinders in inches. 
L = L. B. P. in feet. 


d = mean load draft in feet. 


Mr. Maurice Denny, in his paper read before the I.N.A., 1921, of which Mr. Parker gives a 
summary, appears to have obtained satisfactory results for the torques on rudder stocks from model 
experiments, so that given the time to obtain maximum helm angle and allowing for friction of bearings, 
glands, and efficiency of gearing, the horse power should be satisfactorily obtained. It would not appear 
to be very difficult to obtain actual results for the friction of rudders of ordinary merchant vessels, and 
some useful information might be more easily obtained from small vessels fitted with hand stecring 
gear. 


Referring to Table I. the effect of the time taken to obtain maximum helm angle on the turning 
performance of the best and worst ship is most marked, and in this connection the size or power and type 
of steering engine employed would be a useful addition to the table. The time taken to get maximum 
helm angle appears to me to be one of the most important factors for good turning qvalities. 


At the bottom of page 32 the author mentions the fact of the lowering of the centre of pressure 
due to frictional wake, and states that this effect might cause the centre of pressure to be below the 
centre of gravity of the rudder. In view of the fact that the lower part of a rudder is the most effective 
it would appear that the C.P. would generally be below the C.G. of the rudder, and consequenily a definite 
allowance should be made in determining the bending moment on the stock, especially fur spade 
type rudders. 


The many auxiliary rudder and patent steering devices tried years ago do not seem to have got 
further than the experimental stage, chiefly, I suppose, on account of their liability to damage. At the 
present time the Flettner arrangement of auxiliary rudder has made some progress, and any information 
on this type and also the Kitchen rudder would be appreciated, 


———————————— ooo 
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Mr. G. R. Epaear. 


Mr. Parker’s paper covers a very wide field, and has within its range practically the whole of the 
problem, or at any rate, most of the present day knowledge on the matter. At the same time this useful 
feature brings in its train an attendant liability, and if I may criticise, I think the paper would have been 
improved had the more important parts been made more prominent. In the short time available it is 
impossible to do justice to so wide a subject, but there are one or two matters on which I might touch. 


With regard to Section 23 on the work of Admiral Colomb, it would seem that the measure proposed 
by him for comparison of the turning powers of tie different ships is one which does enable a comparison 
of the turning powers of the ship to be visualised throughout corresponding phases of their motion. The 
author’s method certainly enables the path to be drawn, but does not so clearly indicate the changing 
factors producing the path. Has Mr. Parker been able to account for the worst ship on these results 
being the worst ship? He mentions the length ratio and the trim by the stern, but, on the other hand, 
the worss ship has relatively more rudder area than the best ship. Would not the criterion be something 
on the lines of that proposed by Admiral Colomb ? 


Could the author state what is the angle of helm found most effective, in general, at the present 
time? The maximum angie that the rudder could be put over to lies about 40°, I believe, but 
how near does the angle of maximum effect approach to this, or in view of the fact that the real angle, 
when turning, is less than the apparent angle of helm, might it not lie beyond this, that is, beyond the 
maximum allowed generally now? Most of the examples given throughout the paper hover about 
32°, and in the Table given by the author on the effect of helm angle he stops at 32°. It would 
seem too that there must be broadly some difference in this angle between single and twin screw vessels. 


There is one point which perhaps should be mentioned in regard to Messrs. Baker’s and Bottomley’s 
experiments. The rudder stock employed by them is of the straight type throughout its length, and one 
not having two different axes below and above the coupling as generally fitted at present in unbalanced 
rudders. There will, of course, be a certain difference in torque on the rudder head in the two cases, and, 
so it seems to me, a difference in the state of stress in the portion of the mainpiece below the coupling. 
Information of the distribution of the torsion in this part and how it varies during the motion of the 
rudder would be of interest. 


In matters of such kind it is, of course, apparent that results of actual service are of equal importance 

with those of tank and other researches, the value of which I would notin any way decry. It is surprising 

‘ how scanty is the information available on results of service working generally, or to return to the present 

case, for example, on damage to rudder stocks. Many members of this Association are in a unique position 

to fill this gap. When it 1s realised that the pressures on the rudder can be altered entirely in wave 

water from those in smooth water, the nature of the whole of these investigations appears to be extremely 
unbalanced. 


May I offer my thanks to Mr. Parker for his valued contribution to the transactions of the 
Asssociation. 


Mr. R. S. Jonson. 


Mr. Parker is to be congratulated upon his very complete record of the investigations which have 
been made into the question of Steering of Ships. 


His work has furnished a most useful addition to the transactions of the Staff Association. 


There is one point upon which the author has not touched, and upon which I should like to solicit 
his opinion. 

This concerns the primary effect of turning the rudder upon the course of the ship. It seems to me 
quite possible that when the rudder is turned the immediate effect may be to move the stern out of the 
original straight course steered by the ship, the stern moving in the opposite direction to that which the 
rudder is turned. Then for some appreciable distance the ship may continue her course moving forward 
in a slightly sideways manner before the ship actually commences the formation of a turning circle. 
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This suggestion may have some bearing upon special collision cases which have occurred from time to 
time, in which, although evidence showed that the rudder was suitably turned hard over to avoid collision, 
impact actually resulted. This action has been attributed to the effect of suction set up between the two 
ships, which it was contended could be sufficient to overcome the normal effect of the rudder. 


Mr. 8. TowNsHEND. 


In Section 22 the author states that “the diameter of the turning circle, after steady motion has set 
in, is usually some 5 per cent. less than the tactical diameter.” Now the tactical diameter is of 
much more importance to the practical navigator than the diameter of the turning circle. The latter is 
unquestionably the best basis for comparing steering qualities, but the former is the criterion of actual 
navigation. ‘The author shows that ships with poor steering qualities attain a steady circular motion 
sooner than ships with good steering qualities. Hence the ratio of the tactical diameter to the 
diameter of the turning circle would appear to vary according to the steering qualities being near unity 
in ships with bad steering qualities, and being more than 1:05 in ships with good steering qualities. 
Perhaps the author could give further particulars on this point. 


With regard to the author’s remarks in Section 18 as to trim by the head improving the steering 
qualities of a ship, it must be remembered that the disadvantages arising therefrom in respect to 
seaworthiness might outweigh all the advantages of better steering, and considerable caution would have 
to be exercised before adopting such a course. 


When carrying out turning trials I believe it is customary to take compass bearings instead of 
sighting on a distant object, and, in view of the probable interference of the ship’s structure, funnel, 
rigging, &c., as well as the possible effect of drift, currents, visibility, &c., it appears that the compass 
method is preferable. 


The results tabulated in Table VII. are most instructive and interesting, and I should like to know 
if they are the mean of port and starboard helm and, if so, whether there is much difference between 
the two. 


In Section 48 the author states that “the experiments point to the inadvisability of fitting an 
aperture in twin screw ships.” The overlapping of the screws would bring the screw race nearer to the 
rudder and would improve the steering qualities. The question is whether this improvement outweighs 
the disadvantage of the aperture. I am inclined to think it would, though the author thinks otherwise. 
The disadvantage of overlapping screws is principally loss of propulsive efficiency. 


In calculating the diameter of the rudder stock for a balanced rudder, care should be taken to 
ascertain whether the ahead or astern condition will provide the greatest stress on the stock. It will 
generally be found that the astern condition will be the worst, but this depends of course upon the general 
design and shape of the rudder and upon the position of the centre of pressure. 


Mr. W. Watt. 


At the present rate of development, the transactions of our Staff Association give promise of 
becoming the classic book of reference on matters pertaining to Naval Architecture. Mr. Parker has 
added another chapter to that classic in his most valuable treatise on ‘* The Steering of Ships.” Not only 
has he collected the data from published reports of experiments and investigations, but he has added his 
own observations and criticisms and given us a very complete treatise on the subject in a compact and 
convenient form. The paper in so far as it is a record of ascertained fact is not open to criticism, but as 
the author points out, there is still room for further investigation. 


One important but difficult aspect is the effect of wind and waves on the steering of aship. In the 
past, experiments have been carried out only in what may be termed “trial trip” conditions, where 
the water is comparatively smooth and the wind effect almost negiigible. 
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With a gale of wind on the beam a considerable amount of helm may be required to keep a vessel 
on her true course, and this will be accentuated if the vessel trims considerably, or if the superstructures 
are irregularly disposed. When the wind is before the beam, the conditions are more complicated for 
the full force of wind and waves are exerted on a bluff bow, whereas only the horizontal component of 
the forces act on the flat sides of the vessel. 


A series of observations were made some years ago on a cargo vessel of the ordinary tramp type, 
860 feet x 49 feet x 26 feet 9 inches, having a load draught of 22 feet 4 inches. The machinery was 
situated aft, so the trim in the light condition was 8 feet by the stern. The results were tabulated for a 
wind direction 45° before the beam, on a base of wind speeds expressed in miles per hour, and are plotted 
in the accompanying diagram. 
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A = Load condition with level keel. 
B = Load condition with 4 feet trim by stern. 
C = Light condition with 8 feet trim by stern. 
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It was assumed that the wave action increases in direct proportion to the wind pressure, and that 
therefore the rudder angle could be expressed in terms of wind pressure. It will be observed, however, 
that the rudder angle did not increase in direct relation to the wind pressure, showing that the above 
assumption is not correct, and the subject requires further elucidation. 


In the light condition with a wind exceeding 20 miles per hour, it was impossible to sail the course, 
and on one occasion when this condition was encountered it was found necessary to swing the stern of the 
vessel into the wind, while the doubtful expedient of partly filling the fore hold with water was adopted, 
and with the modification in trim the vessel was enabled to proceed on her proper course. 


An important factor in steering is the effect of currents, and many vessels have been lost through 
failure to take the necessary observations as to speed and direction. ‘The measured mile courses round 
our coasts are laid off in a certain compass direction. An experienced pilot never sails this course, but is 
guided by headlands or other objects, and in this way eliminates the effect of currents, and incidentally 
obtains the most correct trial results. Even on the Skelmorlie mile this correction is necessary. 


On one occasion a vessel on trial was run ashore on this mile through the owners’ representative 
insisting on the “true” course being steered. 


The author on pages 47-49 investigates the case of the rudder of a 420 feet cargo vessel, which was 
twisted about 6°, and concludes that the ship encountered waves measuring 450 feet long and 35 feet 
high. I would like him to give an estimate of the wave which would cause the rudder of a 200 feet ship 
to twist 16°. A case of this magnitude occurred some years ago in a classed vessel. 


With regard to turning trials, I have been informed to-day that in some trials carried out recently 
in the Baltic, the compass and beam readings were recorded on clockwork drums controlled from the 
bridge. Records were taken every five seconds, and throughout the operation it was only necessary for 
the observers to keep the pointer directed to the stationary buoy. In view of the greater number of 
readings obtained and the simplicity of the operations, the results are more reliable than those obtained 
by the method described in the paper. 


Mr. W. TxHomson. 


Mr. Parker has presented such a very exhaustive statement on the various aspects of the question of 
steering that very little can be added. 


Recently I heard of a case in which a vessel which steered quite well in deep water was very erratic 
in shallow channels, sometimes even turning the wrong way. 


After considerable investigation it was concluded that the trouble was due to the irregular flow of 
water past the rudder. This was accounted for in part by the form of the ship at the bilge and partly by 
the fact that the propellers were fitted rather low down and tended to draw the water from the surface. 
A new rudder of form H in figure 14 was fitted with satisfactory results. 


The author devotes some space to the question of the diameter of turning circle under various 
conditions, but it appears to me that it is only the early part of the path that is of much practical 
importance. 


From the diagrams it would appear that the vessel moves forward an appreciable distance before 
leaving its original course, and this is even more marked if the path of the stern be considered. In view 
of the possibilities of collision this aspect of the case appears to be worth serious consideration. 


On page 41 a series of coefficients is given for calculating the stress on the rudder stock, and it would 
appear that the stress in a twin screw ship is only half that in an ordinary single screw vessel. 


This is a somewhat surprising result, and the author might inform us how far this might be expected 
to be realised in practice as apart from model experiments. Heavy weather conditions must considerably 
modify these results and might almost tend to neutralise the difference shown. There would be very few 
designers who would be willing to design their rudder stocks on the basis of this Table. 


CORRESPONDENCE. 
Mr, C. BartLetrt. 


The task of obtaining co-ordinated information concerning any specific subject is invariably a 
difficult one and the Staff Association is, in my opinion, encouraging excellent work when it incorporates 
in the transactions such papers as the one now under consideration. The author can be certain that his 
work will receive grateful recognition from many colleagues to whom disintegration is now much more 
familiar than integration. 


—————— eee 
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On the first page the author states :—‘‘ A turning moment is exerted on the ship due to the normal 
pressure on the rudder and its leverage about the centre of gravity of the ship.” 


No doubt the matter has been previously discussed, but that the centre of gravity of the ship is the 
point about which the rudder pressure acts appears to be debatable. 


As an illustration imagine a book half resting on sand paper and half on glass. To turn the book 
much less pressure would be required at a corner resting on the glass than would be necessary at a corner 
resting on the sand paper, since the book would turn about some point where it is in contact with the 
sand paper, and not its centre of gravity which would be on the dividing line between the two materials. 


It would therefore appear that the rudder pressure levers about the centre of oscillation during the 
transitional period at least. Afterwards this may conceivably be modified due to the vessel acquiring 
angular momentum. 


If this point of view be correct it involves some important modifications in formule and in the 
analysis of trial results, and it may also modify the practical deductions made therefrom. 


Mr. S. TowneNpD. 


I should like to join in thanking the author for his valuable paper; we are much indebted to him 
for the enormous amount of work it entailed, and for the quantity of information it affords. 


The section which particularly interested me was No. 32, on the effect of screws, and in regard te 
its last paragraph, Professor Osborn Reynolds in his Cambridge Lectures gives some interesting results of 
experiments on the action of screws ; they were made in connection with an investigation by the Board 
of Trade on proposed rules to prevent collision at sea. 


It was found on the vessel ‘‘ Melrose’’—850 tons: 


1. When steaming 10 knots, the order “full astern hard aport’’ was given, and the vessel 
turned 26° to port before coming to rest. 


2. The order “full astern hard a starboard” resulted in the vessel turning 40° to starboard 
before stopping. 


On the steamer “ Hankow’’—3,594 tons— 


1. Steaming 10 knots, order “full astern hard aport,” she turned 26° to port then 8° to 
starboard before stopping. 


2. The order “full astern hard a starboard” resulted in the vessel turning 2° to port, then 39° 
to starboard before stopping. 


These striking conclusions were confirmed by some of the evidence given in collision enquiry cases, 


but the recommendations based on them were not given effect to by the Board; they are, however, 
quite definite in character. 


A consideration of 34 of the same section would lead to the conclusion that screws of large diameter 
are to be avoided, a point also brought out by Professor Reynolds, who showed that it would be possible 
for the upper blades of a screw to do 3 times the work of the lower blades, under certain conditions of 
slip and wake speed. Any such result inevitably means overstressing the blades by anything up to 50 per 


cent. above the normal stress. 
Mr. A. W. Jackson. 


Mr. Parker is to be congratulated on the manner in which he has marshalled his facts before us, and 
the Staff Association on having the co-ordinated facts in the transactions. 


With regard to paragraph 2 on page 22, I have confirmation of the author’s statement, that when 
one screw is reversed, the rudder should be kept amidships and not put over towards the reversed screw. 


= 
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In 1911 I conducted the steering and circle trials of the torpedo-boat destroyer H.M.S. “ Nautilus.” 
She had treble screws, and the conditions under which the last pair of circles (one to port and one to 
starboard) were to be run were as follows :—One screw ahead, one astern, rudder assisting, centre line 


screw at rest. 


The vessel went ahead and turned through about four points, finally pivoted about a point A 
(see sketch), and went astern. 


This happened when turning to port and to starboard, from which it would appear that when the 
rudder was put over towards the reversed screw, suction was produced on its forward face, thus diminishing 
the turning effect, and the centre line propeller which was at rest had a retarding effect, the combined 
effect eventually making the vessel go astern. 


Mr. A. W. Johns, R.C.N.C., refers to these curious turning circles in his volume “Seamanship.” 


Mr. A. CAMPBELL. 


Mr. Parker has given us a very comprehensive paper on “‘ The Steering of Ships,” and he has dealt 
with the subject so thoroughly as to leave little room for addition. 


The question of the shape of the rudder is one which has been discussed probably from the time of 
the Ark. Anyone who has spent a number of years in shipbuilding yards, or at dry docks, must be struck 
with the multitude of shapes of rudders, and will probably conclude that it is largely a matter of taste or 
fancy. A rudder which would be quite effective for a sailing vessel might be of little use as a rudder for 
an ordinary seagoing screw vessel ; in the old days of sailing vessels, I think that the majority of seagoing 
men, and probably naval architects, favoured the rudder with the greatest area near the water line in 
preference to the rudder with the greatest area at the lower part, as the latter type tended to heel the 
vessel when put hard over with the vessel moving ahead. In the case of single screw vessels I believe the 
“D” type as shown on page 30 is the most effective. Still I should sacrifice a little of the efficiency by 
cutting away a part of the plate at the lower part (say making an angle of 30° with the keel) so as to 
obviate the risk of damage to the rudder in grounding. 
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With regard to the question of the turning moment, I believe that most single-screw vessels, when 
the rudder is moved over from the centre line, pivot at the stem, and that it is the stern which swings 
away from the rudder. 


REPLY BY THE AUTHOR. 


Before dealing with the points raised in the discussion I desire to correct a mistake which occurred 
in my quotation of Mr. Maginnis at the beginning of Appendix IV. The mistake arose through a certain 
ambiguity in the paper quoted as to whether the forces were forces on the tiller or forces on the rudder. 
The corrections are as follows :— 


Example I.—The pressure was reversed from 8°66 tons to 14} tons, instead of 42 tons. 
Example I].—The maximum pressure reached was 243 tons, instead of 70 tons as quoted. 
Example IJI.—The load recorded was 80 tons, instead of the 85 tons quoted. 


The figures for turning trials given by Mr. Akester seem to be more or less confirmatory of the 
results quoted in the paper. 


Regarding the remarkable performance of the “‘Yashima” it might be stated that this was attributed 
by Sir Philip Watts in his paper to the following factors :— 
1, Practically the whole of the after deadwood was cut away. 
2. A very large balanced rudder, viz., \;th of the area of the middle line plane, was fitted. 
8. This rudder could be put hard over in only eight seconds. 
4. The propeller shafts were run bare. 
5. The bilge keels were kept weil forward. 
6. The sections of the ship were U-shaped forward and V-shaped aft. 
7. Under the influence of these factors the pivoting point was brought practically to the stem. 


The statement in Section 18 regarding trim by the head was intended to refer to still water 
conditions, but the common practice of cutting away the forefoot to facilitate steering rather suggests 
that trim by the head would be disadvantageous in all circumstances. 


Mr. Akester finds difficulty in reconciling the advantages of cutting away the deadwood with the 
increased rudder efficiency due to its pressure mentioned in Section 47. Experience shows that the 
advantage of the increase in rudder pressure due to deadwood is outweighed by the reduction in the 
moment of resistance due to the removal of deadwood. (See Section 18.) 


Respecting the Suez Canal extension piece fitted to some rudders, the following is the actual 
quotation from Mr. Baker’s paper :— 


‘Small pieces of wood thrown into the water near the rudder stock . . . . kept company 
with the ship for over 30 seconds. . . . The shoal water shows up the relative rearward 
movement of the water at the surface near the rudder, and tends to produce deadwater there, and 
the rudder area in this region can be doing little or nothing. . . . There can be little doubt, 
however, that for ships of the type considered the additional area (the extension piece) is doing 
nothing. Its effect, if any, is a purely psychological one on the pilot and officers, and not a 
physical one on the ship.” 


A libliography of the subject is appended at the end of this reply as requested. 


T agree with Mr. Hodgson that it is unfortunate that no mention was made in Section 16 of the 
margin which should be allowed for friction for computing the effective horse-power of the steering 
engines ; the subject, however, is touched upon in Section 52. 
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There seems no reason why the method of tracing the path by equal intervals of time instead of 
by equal intervals of angular motion should not be used, and it is interesting to learn that Mr. Hodgson 
has found this method more convenient than the other. 


The suggestion that, in high speed vessels, increase of speed would lead to increase in the diameter of 
the turning circle seems likely to be correct, and is more or less confirmed by the airship trials quoted in 
Section 80. The subject needs further investigation. 


The explanation offered by Mr. Hodgson of the curious increase in race effect with the screw behind 
the model, as compared with the effect in open water, is lucid and a distinct advance on that given in 
the paper. 


It is difficult, as Mr. Dorey suggests, to state any exact method of calculating the vertical position 
of the centre of lateral resistance. The pressure acting on the vessel due to its lateral movement must 
not be confused with the statical pressures on the sides of the vessel due to the head of water; these 
pressures, acting in opposite directions on the two sides of the vessel, cancel out. 


If a flat plane be moved through the water in a lateral direction, the resistance offered to its motion 
will be that due to the dynamical head, and should be evenly distributed over the whole surface of the 
plane: hence, its vertical centre would lie at half the depth of the plane. 


In the case of the ship, the dynamical pressure on its side and bilge can be resolved into components 
perpendicular to and parallel with the middle line plane. The perpendicular components constitute the 
lateral resistance. It is difficult, therefore, to see how the resultant of all the pressures perpendicular to 
the middle line plane could act at a point far different from the half draught line. 


Mr. Dorey’s remarks on the determination of the horse-power of the steering engine are interesting, 
and I am sorry that I am unable to add any information thereto. 


The importance of the time taken to put the helm over seems in the past to have been somewhat 
exaggerated. A paper has just been read (Jan., 1925) before the Liverpool Engineering Society by 
Miss E. M. Keary, in which it was shown from model experiments that the initial deviation, of the ship is 
not very sensitive to the rate at which the helm is applied. 


Mr. Dorey states, in connection with the vertical position of the centre of pressure, that: “In view 
of the fact that the lower part of the rudder is the most effective it would appear that the C.P. would 
generally be below the C.G. of the rudder..... ” It is, however, difficult to find any definite proof that 
the lower part of the rudder is more effective than the upper, and such an assumption is certainly not 
supported by Baker’s results given in Table VII. 


Mr. Dorey asks for information respecting the Flettner Rudder: the following is a short account of 
the theory of its action; the controlling mechanism is, of course, outside the scope of the present paper. 


The Flettner rudder differs from other rudders, not in the theory of its action on the ship, but in 
the method by which its angular position is controlled, 


The stock is carried in bearings on the ship in the usual way, but it is free to rotate completely. 
The angular position of the rudder is controlled, not by a tiller, but by a small secondary rudder hinged 
to its after edge. The position of the stock is such that the rudder is nearly balanced, but is, nevertheless, 
in stable equilibrium on the middle line. 


When it is desired to incline the rudder to port, for example, the secondary rudder, controlled from 
the bridge, is turned to starboard, and the thrust thereby induced near the after edge of the main rudder 
upsets its equilibrium and causes it to swing to port until the moment of the normal pressure on the main 
rudder, about the stock, becomes as great as the moment of normal pressure on the secondary rudder, 
when a state of equilibrium again obtains. The final position of the main rudder depends upon the 
amount of helm given to the secondary rudder. In general terms it might be said that the small rudder 
steers the big rudder and the big rudder steers the ship. 


A special feature of the device is that, in the event of the main rudder being deflected by some 
external force the secundary rudder automatically restores it to its original position, Further, as the 
rudder is operated entirely by the surrounding water there is no loss in effective helm angle due to cross 
currents, waves, or drift angle. 


OO 
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As soon as the slip stream starts to flow forward instead of astern, i.¢., as soon as the propeller is 
reversed, the rudder swings completely round and continues to work on the same principle as for 
ahead propulsion. 


Mr. Edgar suggests that Admiral Colomb’s method of describing the position of a ship, at any 
moment during a turn, by means of a chord and angle, forms a better aid to visualising the position of 
the ship than do the rectangular co-ordinates used in the paper. This, I think, may be admitted, but 
that his method facilitates the study of the changing factors producing the path is not so apparent. 


The bad performance of the worst ship in Table I. is clearly nothing to do with deficiency in rudder 
area nor likely to be due to rudder inefficiency. The cause is rather to be sought in an abnormally large 
Length 


moment of resistance which is well accounted for by the large ratio of _|——; 
Draught 


and by the excessive trim 
by the stern. 


Mr. Edgar asks a very pertinent question when he asks what is the maximum effective helm angle. 
Early papers on the subject indicate that the rudder increases in turning power up to 45°, but the matter, 
as far as I am aware, has never been scientifically thrashed out. The Flettner rudder should facilitate 
research on this point because with it there is no loss of effective helm angle due to drift angle, this 
rudder setting itself at the angle desired by the helmsman not with the middle line of the ship, but with 
the direction of the surrounding streams. 


| It is quite possible that, were rudders fitted with the stops coming into action at say 50°, the 
maximum effect might be achieved by first putting the helm to say 35° and then gradually moving it over 
to 50° as the drift angle developed. 


The stress induced in the mainpiece of an unbalanced rudder is extremely difficult to find, and it is 
doubtful if the problem can be solved mathematically. The mainpiece must act largely in a similar way 
to a crank pin, the upper stock then being equivalent to the crank shaft. Suppose the rudder arms were 
free to rotate about the mainpiece, their inner ends being kept on the middle line by means of properly 
fitting pintles ; it seems to me that, in these circumstances, the rudder would still be put over under the 
action of the helm. The stress induced in the mainpiece would, in this case, be due to pure bending, and 
the final position of each arm would depend on the amount of deflection of the mainpiece at that 
arm ; the different arms would therefore probably not lie in the same plane. Now suppose the arms had 
been keyed to the mainpiece: the same bending of the mainpiece would have taken place and, in 
addition, a certain amount of twisting incidental to and consequent on the tendency of the arms not to 
lie in the same plane, due to the deflection of the mainpiece as mentioned above. The geveening factor 
in mainpiece stresses seems therefore to be the bending moment induced, and it is difficult to see how 
this can be calculated until! a fairly accurate method is evolved for determining the reaction at each pintle. 
The problem is further complicated by the fact that in practice considerable deflection has to take place 
before the pintles are bearing in the gudgeons. 


Mr. Johnson is right in stating that the initial path of the ship may lie outside the original straight 
course. In Fig. 8 it will be seen that the movement of the centres of gravity of the different ships was 
in all cases initially outward, and in some cases a part of the ship must have been outside the original 
course until near the end of the first octant. Further information on the subject is given in Section 21. 


It seems abundantly possible, as Mr. Johnson suggests, that this characteristic may account for some 
cases of collision, but in such cases the point of contact would necessarily lie in the after part of the 
turning ship. 


Replying to Mr. Townshend, I think the criterion of the ship’s manceuvring powers for the 
navigator is undoubtedly the space which she requires for reversing her course. This distance is larger 
than the tactical diameter as ordinarily defined for two reasons: (1) the initia! path of the centre of 
gravity usually lies outside the original straight course, and : (2) owing to the drift angle the middle line 
will have turned 180° before the actual course of the centre of gravity is again parallel to the original 
course, i.e. before the widest part of the path. In addition to these two factors, the difference between 
the turning diameter of the centre of gravity and of the stern adds to the space required. 
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Mr. Townshend has also taken up the question of the effect of trim by the head ; as he will see from 
my reply to Mr. Akester, I think the possible advantage would be outweighed by the probable 
disadvantages. 


The results given in Table VII. are probably the mean results for port and starboard helm, because 
Baker also shows curves for both helms, and in them slight differences do occur. 


Mr. Townshend is probably right in thinking that the advantage of fitting an aperture and bringing 
the screws nearer together, thereby increasing the race effect, is greater than the advantage which might 
be gained due to extra rudder pressure were the aperture filled in. 


With regard to deciding the relative torque on a balanced rudder under ahead and astern conditions, 
Mr. Townshend has omitted to mention the most important factor, namely the relation of speed ahead to 
speed astern, 


Mr. Watt’s remarks may be regarded rather as a valuable appendix to my paper than as a discussion 
of the matter therein, and my thanks are due to him for his contribution. 


At a given speed the pressure on a rudder varies roughly as the angle of helm, within ordinary limits. 
The pressure of wind on a vessel however might be expected to vary with the square of the wind speed. 
The curves shown in Mr. Watt’s diagram would show, one would think, the helm angle varying as the 
square of the wind speed. Curve C most nearly approaches this form, but B and A show a helm angle 
increasing even less rapidly than the wind speed. Here it seems, as Mr. Watt says, there is a wide scope 
for further investigation. 


Regarding the heavy weather damage, spoken of by Mr. Watt, in which the rudder stock of a 
200 feet vessel was twisted 16°, it is necessary to point out that this 16° was the final permanent set found 
in the stock after hours or perhaps days of heavy weather. It is, therefore, impossible to say whether this 
final set was caused by, say thirty-two blows, each straining the rudder stock 4 degree beyond its elastic 
limit, or by one mighty blow ; the former would appear more probable. 


The recording of a ship’s path whilst turning can undoubtedly be carried out by methods such as 
Mr. Watt describes, without reference to any external object, but the advantage of Risbic’s method lies 
in the simplicity and cheapness of the apparatus required. 


The second paragraph of Mr. Thomson’s discussion form a satisfactory confirmation of Appendix IIT. 


With regard to his third paragraph, it might be pointed out that the behaviour of the ship during 
at least the first four octants would be of importance in the case of war vessels manceuvring in squadrons. 


The smallness of the coefficients for twin screw vessels, as given in Table XII, is due, of course, to 
the small race effect experienced. It is interesting to compare the coefficients obtained from Joessel’s 
formula with these coeffisients : Joessel’s coefficient for 35° for example is only ‘00054 as compared with 
about ‘0009 given in the Table. 


I very well appreciate Mr. Bartlett’s difficulty in regard to the point about which the moment of the 
rudder pressure should be taken. The reason for choosing the centre of gravity is chiefly one of 
mathematical convenience. 


If a number of forces act on a body, the moments of these forces may be considered about any point 
without altering the result obtained, provided they are a!l taken about the same point. There seems to 
me two good rea-ons for taking moments about the centre of gravity, namely; (1) it is the point at 
which a single force (¢.g., a string supporting its weight) could act on the body with zero turning moment, 
and (2) one of the forces during turning, viz.: the centrifugal force, acts through the centre of gravity, 
its moment thereby being eliminated from equation (3) (Section 13). 

In this connection the pivoting point must not be confused with a fixed fulerum which would itself 
exert a reaction. 


My thanks are due to Mr. Townend for his valuable addition to the facts given in Section 32. His 
remarks show that as soon as the screw is reversed, or shortly afterwards, the rudder acts as though the 
vessel were moving astern in spite of her continued motion ahead, 


—————— ooo 
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I agree that a large screw probably exerts more turning effect on the vessel than a smaller one, and, 
in addition to the increased stresses induced in the blades, one might also expect considerable vibration 
due to inequality of thrust from the upper and lower blades. 


Mr. Jackson’s personal confirmation of the remarks in Section 33 are extremely interesting, but it is 
difficult to understand exactly why the vessel started to move astern. 


Section 54 embodies all the information that could be collected on the subject of balanced as distinct 
from Ln nga rudders. Another paragraph might however have been helpful to cover the point raised by 
Mr. Jackson. It might have been said that, since a balanced rudder is practically free from the effect of 
deadwood, and its curve of pressure-helm follows the general lines of the curve for an inclined plane, it is 
possible to hase the cale ulation for the torque in its stock on data obtained from planes, due allowance 
however being made for the reduction and increase of pressure, due to wake and race respectively. 


It is expected that the N.P.L. experiments will be extended in the near future to researches on 
balanced rudders. 


Mr. Campbell’s suggestion of cutting away the bottom corner of the rudder at an angle of 30° to the 
keel line appears sound and might have been extended to embrace the removal of the part above the 
L.W.L., in order to avoid the shoc ks due to heavy seas. 


The opinion expressed in the last paragraph of Mr. Campbell’s contribution is contrary to the 
evidence of Hovgaard’s work (see Section 28) where the calculated mean position of the pivoting for 
twenty-three ships was found to be about one-third of the length of the water line forward of the centre 
of gravity. 


In conclusion I wish sincerely to thank those gentlemen who have contributed to the discussion of 
my paper and the Association in general for the kindly way in which the paper has been received. 
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CLASSIFICATION AND SEAWORTHINESS, 


By B. J. IVES. 


ReaD 17TH DecemBER, 1924. 


The frequency with which certificates of classification are called certificates of seaworthiness 
suggests that a study of the subject of classification in its relation to seaworthiness might be of interest 
to the Association and tend to remove any misconceptions existing as to their relative bearing on one 
another. 

The signing of interim certificates covering the survey of vessels afloat and/or in dry dock, in which 
it is stated that the vessel referred to therein is fit to carry dry and perishable cargoes must have often 
caused a surveyor grave doubts when he has looked upon such certificates as being a guarantee of 
seaworthiness, and at the same time realised the number of factors over which he can haye no control, 
and which are necessary attributes of seaworthiness. 

The legal aspect of seaworthiness has found expression in the laws of different maritime countries, 
being dealt with so far as this country is concerned in the Marine Insurance Act, and also in the 
Merchant Shipping Act. Seaworthiness can, however, be viewed from other angles, viz., unsuitable 
types, usage of vessels, &c., all of which view points might be grouped as coming within the commercial 
aspect of seaworthiness and in which the legal requirements of the different countries with which a 
vessel trades would require to be observed. With the object of bringing out the manner of its definition 
the following excerpts are quoted from the British Acts :— 


MARINE INSURANCE ACT. 


NATURE OF WARRANTY. 


Clause 38—(1) A warranty means a promissory warranty by which the assured undertakes that 
some particular thing shall or shall not be done, or that some condition shall be fulfilled or whereby he 
affirms or negatives the existence of a particular state of facts. 

(2) A warranty may be expressed or implied. 

(3) A warranty is a condition which must be exactly complied with whether it be material to the 
risk or not. If it be not complied with then the insurer is discharged from liability. 

ae 35—(3) An express warranty does not exclude an implied warranty unless it be inconsistent 
therewith, 


WARRANTY OF SEAWORTHINESS. 


Clause 839—(1) In a voyage policy there is an implied warranty that at the commencement of a 
voyage the ship shall be seaworthy for the purpose of the particular adventure insured. 

(2) Where the policy attaches while the ship is in port, there is an implied warranty that she shall 
be reasonably fit at the commencement of the risk to encounter the ordinary perils of the port. 

(3) Where the policy relates to a voyage performed in different stages during which the ship requires 
different kinds of, or further, preparation or equipment, there is an implied warranty that at the 
commencement of each stage the ship is seaworthy in respect of such preparation or equipment for the 
purposes of that stage. 
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(4) A ship is deemed to be seaworthy when she is reasonably fit in all respects to encounter the 
ordinary perils of the seas of the adventure insured. 

(5) Ina time policy there is no implied warranty that the ship shall be seaworthy at any stage of 
the adventure, but where with the privity of the assured, the ship is sent to sea in an unseaworthy state, 
the insurer is not liable for any loss attributable to unseaworthiness. 


Loss oR ABANDONMENT. | 


Clause 55—(2c) Unless the policy otherwise provides, the insurer is not liable for ordinary wear 
and tear, ordinary leakage and breakage, inherent vice or nature of the subject matter insured, or for 
any loss permanently caused by rats or vermin, or for any injury to machinery not proximately caused 
by maritime perils. 


MERCHANT SHIPPING ACT, PART V. SAFETY. 


UNSEAWORTHY SHIPS. 


Clause 457—(1) If any person sends or attempts to send (or is a party thereto) a British ship to 
sea in such an unseaworthy state that the life of any person is likely to be thereby endangered, he shall 
he guilty of a misdemeanour. 

(2) If the master knowingly takes a British ship to sea in such an unseaworthy state that the life 
of any person is likely to be endangered, he shall be guilty of a misdemeanour. 

Clause 458—(1) In every contract of service express or implied between the owner of a ship and 
the master or any seaman thereof, there shall be implied, notwithstanding any agreement to the contrary, 
an obligation on the owner, that he, the master, and every agent charged with loading or preparing the 
ship for sea, or the sending of the ship to sea, shall use all reasonable means to insure the seaworthiness 
of the ship for the voyage at the time when the voyage commences, and to keep her in a seaworthy 
condition during the voyage. 

Clause 459—(1) When a British ship, being in any port in the United Kingdom, is an unsafe ship, 
ie., by reason of the defective condition of her hull, equipment or machinery, or by reason of under- 
manning, overloading or improper loading, is unfit to proceed to sea without serious danger to human 
life having regard to the nature of the service for which she is intended, such ship shall be provisionally 
detained. 

DRAUGHT OF WaTER AND LoaD LINE. 


Clause 488—(1 & 2) The owner of every British ship proceeding to sea from a port in the 
United Kingdom shall mark upon each side amidships a circular disc, the centre of which shall be 
placed at such level as to indicate a maximum load line to which it shall be lawful to load the ship. 

(3) The position of the disc shall be fixed in accordance with the tables used at the time of passing 
the Act by the Board of Trade subject to any modifications of the tables and application thereof as may 
be approved by the Board of Trade. 

Clause 489—If a ship is so loaded as to submerge the centre of the disc indicating the load line, 
the ship shall be deemed to be an unsafe ship, and such submersion shall be a cause for the detention of 
the ship. 


An examination of these extracts from the two Acts indicates that the fundamentals of the Marine 
Insurance Act deal with property, whereas the Merchant Shipping Act deals with life. In quoting the 
extracts from Part V of the Merchant Shipping Act, their order has been transposed, as a load line is 
considered by law to be an attribute of a seaworthy ship. 


SEAWORTHINESS. 


It is to be noted from these extracts that seaworthiness is, under both these Acts, considered to be 
an attribute of the ship when the voyage commences, but the standard imposed depends upon the 
particular voyage on which the vessel is to be employed. The test of seaworthiness imposed on a vessel 


sent on any particular voyage, is that she is reasonably fit in all respects to encounter, not only the perils 
of the sea, but also tocarry the particular cargo for the voyage. The introduction of the voyage as a 
factor in seaworthiness shows that seaworthiness is not measured by an absolute standard; it is a 
variable expressing a relation between the state of the ship and the perils it has to meet in any situation. 

The different elements which contribute to make up seaworthiness, and their relative importance 
to one another are not defined by statute, but the following factors would have to be taken into 
consideration to secure the attributes of seaworthiness :— 


(a) Structure :-—Strength—freeboard—latent defects, improper loading, stowage of cargoes — 
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stability—ventilation of bunkers and of cargo spaces for particular cargoes—propulsion 
(machinery or sail). 

(b) Loading :—Overloading, stowage of cargoes, improper loading—relation of parcels of mixed 
cargo—stability—precautions against shifting of cargo—deck loads. 

(c) Equipment :—Ordinary outfit—outfit for particular voyage—dunnage—life saving appliances— 
refrigerating machinery. 

(d) Equipage :—Human element for all navigation—for particular voyage. 

(e) Provisioning :—Consumable stores irrespective of voyage—for particular yoyage. 

(/) Bunkering :—Quantity for particular voyage. 


and, in addition, in both passenger and cargo vessels, the standard of efficiency of watertight sub-division 
adopted, which of necessity varies as between ship and ship, depending upon type, service, and other 
considerations. 

A consideration of these factors at once shows that a ship may be in all respects fit for navigation 
but yet unseaworthy in relation to the cargo, and is so if she is not equipped and so fitted as to ensure 
the safe carriage of the cargo contemplated at any rate under normal conditions. 


PURPOSE OF INSURANCE. 


The purpose of insurance is to afford commercial protection against contingencies or dangers which 
may or may not occur; it cannot properly apply to a case in which loss or injury must inevitably take 
place in the ordinary course of things: an insurance against “perils of the seas” does not cover an 
injury resulting from the exposure to the ordinary action of sea water of an article inherently susceptible 
to damage from such action. 


POLICIES OF INSURANCE. 
Policies are underwritten :— 
(a) for particular voyages ; 
(b) for periods of time. 


With the latter policy there is no implied warranty that aship shall be seaworthy at any stage of the 
adventure, and if no limitation were attached this provision would afford protection to anyone sending a 
vessel insured on time to sea in an unfit condition. Hence the reason of the rider to Clause «9, 
paragraph 5, of the Act, previously quoted which states :— 


“Where with the privity of the assured, the ship is sent to sea in an unseaworthy state, the 
insurer is not liable for any loss attributable to unseaworthiness.” 


SHIPOWNERS’ OBLIGATION. 


The usual obligation made by a shipowner in an agreement for the carriage of goods by sea is to 
provide a ship, tight, staunch, strong, and in every way fitted for the voyage. A shipowner can only 
escape from liability for loss or damage to cargo resulting from unseaworthiness on the production of a 
definite agreement exempting him from the consequences of such unseaworthiness. 
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CLASSIFICATION. 


Classification indicates that a vessel classed in any particular society conforms with the standard of 
strength adopted and laid down by the rules of such society; that the vessel is constructed in accordance 
with such rules in this regard, and also in so far as these rules prescribe for the details of construction 
necessary to make a vessel efficient in service, but which may or may not be essential for strength. 


The certificate of classification embodies the principle that the vessel shall be in a fit and efficient 
condition for the safe conveyance of dry and perishable cargoes. 


Where special cargoes are carried, such as oil in bulk, the rules of the classification society are so 
framed as to take account of the special design of the vessel necessary to make the vessel efficient for 
such particular service, and the certificate of classification is modified to read that the vessel can carry 
her cargo in safety. 


In vessels fitted for the carrying of refrigerated cargoes where the refrigerating machinery and 
appliances are specially surveyed, notation of RMC is made in the Register Book, and special certificates 
of such surveys are issued and the details of the outfit are recorded for reference purposes in a special list 
in the Register Book. 


To ensure that the standard is maintained, periodical surveys are held both on the hull and 
machinery ; the maintenance of a vessel’s class is intended to be an indication of the continuity of 
efficiency. It finds its commercial value in such matters as insurance, charter parties, sale and purchase, 
and spreads itself over the whole life and operation of a vessel. 

The periodical surveys necessary for vessels having refrigerating machinery and appliances are 
required more frequently than those of an ordinary vessel, being held every six months, and, in addition, 
a loading port survey is held every voyage prior to the loading of the refrigerated cargo. 

The number of vessels classed in the different societies of classification is a measure of the recognition 
by commercial interests of the value of classification, and where such societies are of world-wide authority 
the number of overseas trading vessels classed by any particular society is an indication of the international 
value placed on such society’s classification. 


LIMITATIONS OF CLASSIFICATION. 


A vessel to which a class has been assigned, and which class is maintained, may in virtue of the same 
be considered seaworthy, but only so far as those matters are concerned which come within the purview 
of the classification society. The fact is brought to the notice of the community by the symbol of 
classification published in the Register of such classification society, but it should be remembered that 
such symbolic form of classification only represents the considered opinion of the society of which it is 
representative, acting through its constitution. 


Seaworthiness cannot therefore be defined as something which is altogether within the control of a 
society of classification, neither is it claimed to be—the responsibility of the classification society being 
confined to that which is embodied in its rules, It may be defined as the fitness of a vessel at a 
particular moment for a particular job. Seaworthiness has aspects which are outside the scope of a 
classification society, and therefore certificates of classification cannot in themselves be accepted as proof 
of seaworthiness. 


STABILITY, 


For example, a vessel loaded with homogeneous deadweight cargo filling all the spaces, but possessing 
only a small initial and dynamic stability, might be perfectly fit to undertake a voyage, whereas the same 
vessel could be loaded in such a manner with a variable density cargo that her initial stability would be 
negative and her dynamic stability reduced so much that she could be hardly considered fit for the voyage. 
In the latter event the vessel could not be considered seaworthy ; as, however, the rules of a classification 
society do not specifically take account of stability, it is obvious that the certificate of the society of 
classification does not cover responsibility in this regard. 


“City of Lincoln” (1903).—The ss. “City of Lincoln” loaded a cargo of hay and also took on 
770 head of livestock, but the stowage was so arranged as to make the steamer top-heavy 
and unstable from the outset, with the result that the deck cargo was partly jettisoned 
on the voyage and partly swept overboard in a gale which otherwise would have been 
weathered in safety. In an action brought for non-delivery of cargo it was contended by 
the cargo owners that the vessel was unseaworthy through not being properly ballasted 
when notice was given that she was ready to receive her cargo. 

The case reached the House of Lords who decided that the vessel became 
unseaworthy by reason of the method of loading before she left her loading berth, and 
that the shipower was responsible in that he should have seen more deadweight was put 
in the bottom of the steamer. 


Time LIMITs. 


Since the rules of the classification society prescribe the periods at which surveys are to be held, a 
vessel which possesses a clean certificate of classification might ipso facto be considered seaworthy (so far as 
classification is concerned) until such time as the next classification survey becomes due. In the case of 
passenger vessels sailing under a passenger certificate issued by the Board of Trade, such certificate 
always bears words to the effect that it remains in force for a specified time ; freeboard certificates on 
unclassed vessels bear a clause stating they remain in force for a specific period of time. This course is 
not, however, followed in the case of certificates of classification, as while the possession of a clean 
certificate of classification may be considered evidence of seaworthiness, it cannot be conclusively so 
owing to the attributes necessary for seaworthiness previously quoted. The utmost that a certificate of 
classification can do is to cloak a vessel with the atmosphere of seaworthiness at a particular moment, the 
latter in itself not being absolute and dependent on many factors, the date of survey recorded only 
certifying to the vessel’s efficiency at that time. 


STRENGTH—FREEBOARD. 


That the structure of a vessel be efficient for the work it has to perform necessitates a standard of 
strength being determined, and inter alia necessitates a load line being associated therewith. 

In most countries the maximum load line is fixed by law, and should a vessel proceed to sea loaded 
deeper than the prescribed load line, such a vessel would be deemed an unsafe ship (Merchant Shipping 
Act 439 & 459 (1) ) and the benefits under any policies of insurance arranged would probably be anrulled 
by such an action. In countries not possessing a legal load line, a classification society cannot be assured 
that the loading adopted will not bring an undue stress on the structure, and in such cases it would 
appear to be not unreasonable that the society classing any such ships should insist upon a freeboard 
being assigned and marked, both for its own sake and for the protection of interested parties. 


BRITISH FREEBOARDS. 


Legal freeboard obtains its authority as regards British ships from the Merchant Shipping Act, and 
by virtue of the drafting of Section 438 (3) & (4) of this Act the tables and the application thereof may be 
modified by the Board of Trade. 

Modifications and provisions governing freeboards of particular types have at different periods taken 
place, and it is of interest to note that in the conditions embodied in the tables elaborations have also 
been made. The early tables dealt principally with the geometric freeboard although a standard of strength 
was introduced ; the Load Line Committee of 1913-1915 also adopted a standard of strength, and this 
Committee laid down conditions for the issue of a freeboard certificate which must be complied with, not 
in terms of penalties on the free side, but as being inherent to the structure. 

The view has evidently been held by the latter Committee that the function of freeboard has to do 
with all that which keeps the sea out of the ship; and also that should the sea get on to the ship means 
are to be provided by which it shall be thrown off at the earliest possible moment ; these conditions may be 
assumed to be necessary to ensure seaworthiness, and they should, therefore, since they do not in any way 
affect the kind of cargo carried in a vessel, be also a minimum requirement of classification, As, however, 
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the freeboard regulations do not provide any requirements in regard to the means necessary for 
manceuvring a ship, it would appear that freeboard does not cover one of the essentials necessary to 
seaworthiness, viz., propelling plant. 

It is to be noted that administration of freeboard so far as British ships are concerned is in the 
hands of several authorities, and it is therefore highly desirable that one minimum standard of strength 
and conditions should be defined for the guidance of these authorities, thus removing to a large extent 
the possibilities of competition for classification between such bodies, but until such a standard is inter- 
national the effect of its publication may not necessarily be beneficial to the interests of British shipping, 
as it enables ships registered outside this country to be built to a lower or higher standard, which would 
eventually mean a variation in the seaworthy qualities of ships owned by different countries, and would 
also have its effect on the number and size of vessels classed by the different classification societies 
existing in this country and abroad. 

Should, however, such an effect be produced, it would not escape the notice of underwriters, and 
would probably lead to discrimination on their part in assessing the commercial value of the risks 
underwritten. 


NORWEGIAN FREEBOARDS. 


The Norwegian Board of Trade and the Norwegian Ministry of Commerce, Navigation and Industry 
have of recent years introduced a system by which the freeboards of vessels whose strengths are not equal 
to that of the full scantling ship are varied for different kinds of cargoes. 

Where the strength of a vessel is less than required by the Norske Veritas Rules the freeboard may 
he reduced where cargoes consist of lighter goods, the limit of reduction being the load line corresponding 
to the British Board of Trade line. 

Lines are marked on the side of the ship indicating the different loading permitted for different 
kinds of cargoes, viz. :— 


B 1 indicating the summer freeboard for any kind of cargoes, and particularly intended for complete 
cargoes of heavy goods the nature of which does not admit of their being properly 
stowed in the holds, such as ore, ete. 


B 2 indicating the summer freeboard for complete cargoes of all goods the nature of which admits 
of their being stowed without special intermediate dunnage, such as iron plates, ete. 
(generally, this line would be suitable for lighter goods than B 1). 

B 3 indicating the summer freeboard for complete cargoes of salt, hides, etc., and is intended for 
lighter goods than B 2. 


B 4 indicating the summer freeboard for complete cargoes of coals, etc., and is intended for lighter 
goods than B 8. 


Centre of Circle indicating the summer freeboard for complete cargoes of ordinary timber, and is 
intended for lighter goods than B 4. 


The centre of the disc corresponds to the Board of Trade minimum summer freeboard, and the 
vessel cannot be immersed deeper than this line in any circumstances whatsoever. 
The freeboard marking on such a vessel would be as follows :— 


FW 


In cases where the strength of the vessel is such as to correspond with the standard of the Norske 
Veritas Rules, she is permitted to load cargoes of any density to the lowest B line; if the strength of a 
vessel is not, however, up to the Norske Veritas standard, then a penalty is put on the draught which in 
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the extreme case would permit of the variations for the five different kinds of cargoes, but when the 
deficiency in strength is not so great the case might only require a penalty for one particular cargo 
such as ore, in which case B 2, B 83, B 4 and B5 would be non-existent. 


UNSEAWORTHINESS ON ACCOUNT OF LATENT DEFECTS, 
Cases have come under review in which the issue of latent defects was raised. 


“Guri Maru” (1923)—Under charter party the owners undertook to provide a ship seaworthy, ° 
tight, staunch and in every way fitted for ordinary cargo service. After being taken 
over by the charterers the vessel lost one propeller blade, then a second and on 
examination a third was found cracked. The blades were of cast iron made in Japan in 
1919 and eventually stouter cast steel blades were substituted for the broken ones. The 
charterers cancelled the charter, claiming damages from the owners for breach of 
undertaking as to seaworthiness, and on trial in the King’s Bench Division the Judge 
stated he was satisfied that for various reasons, and mainly because the propeller 
blades were not constructed sufficiently strong, these blades were not reasonably fit for 
their work. 

One of the clauses of the charter party contained the exceptions which included 
“ Any latent defect even if existing at the beginning of the voyage in the hull, machinery, 
boiler or appurtenances.” In the opinion of the Judge the above exception would 
exempt the shipowners from any liability or responsibility for any defect and would be 
sufficient if the defect could be proved to be a latent defect, but as the defect consisted 
of the absence of proper strength not in the interior of the blades but in their design, it 
could not be termed a latent defect; there was therefore a breach of the condition to 
provide a seaworthy vessel. 


“Glenfruin” (1885).—This vessel while on voyage loaded with tea under bills of lading which 
contained among the excepted perils “all and every the dangers and accidents of the seas 
and of navigation of whatsoever nature or kind,” broke her main shaft and was towed by 
another vessel of the same company. The owners, master and crew of the ‘“Glenavon” 
(the vessel which rendered salvage services) brought an action against the owners of the 
cargo in the “Glenfruin” to recover salvage. It was held that the owners were not 
entitled to recover they being responsible as owners of the “Glenfruin” for any loss 
occasioned to the cargo owners by the breakdown. 


The warranty of seaworthiness is an absolute one. Hence, in cases of latent defects the shipowner is 
liable for the consequences unless he is freed from liability for unseaworthiness by the terms of the charter 
party or bill of lading. 

The scantlings of propeller blades are not provided for generally in the rules for the construction of 
vessels and their machinery, although there can be no doubt that they come within the responsibility 
of the classification society with whom the vessel is classed. 


IMPROPER LOADING.—StToWaAGE OF CARGOES. 


Under Clause 439 of the Merchant Shipping Act overloading, i.e., submerging the centre of the disc, 
is an indictable offence and cases of this nature are not uncommon before the courts. Improper loading 
has however other bearings than overloading ; the only reference to the words “Improper Loading” is 
under the Safety Section of the Merchant Shipping Act and precisely under the Section ‘* Unseaworthy 
Ships.” In view thereof it is suggested the framers of the Act contemplated improper loading as being 
quite different to overloading which is dealt with under the Freeboard Section of the Act although they 
are 80 intimately connected with one another. 
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With non-homogeneous cargoes the stowage has on occasion been such that the stresses developed in 
the structure have been greater than the material can withstand and the Norwegian System of Load Line 
would not assist in minimising the stresses in such cases. Since with whole cargoes of different densities 
it is permitted under these regulations to load deeper, the total load carried will be greater with one 
density than the other and as load is one of the factors producing stress it follows that the resultant stress 
will be greater with the deeper load-line. An increase of freeboard will, however, increase the dynamical 
stability of a vessel and to obtain the same effect by a variation of beam would necessitate an increase 
of breadth of a vessel of about twice as much as the increase of freeboard to produce the same result. 

The increase of stress due to a slightly deeper load line is so small when compared with the variation 
of stress possible due to improper loading (vide Thomson and Ormiston) that the Norwegian method can 
only be considered as touching the fringe of the problem of improper loading, and it is along the lines of 
control of stowage of mixed cargoes that progress requires to be made. 

It is not necessary to prove structural weakness or defects for a vessel to be considered unseaworthy 
and the distinction between it and bad stowage may often be very fine; structural weakness has 
obviously a relation not only to the ship but also to the cargo stowed therein. In its legal sense a 
seaworthy ship is one fit not only to encounter the perils of the sea but to carry the cargo contracted for. 

The case of the s.s, “Grelwen,” recently decided by the House of Lords, in which the issue was 
Improper Stowage v. Seaworthiness is interesting as bearing upon this point. 

8.s. “Grelwen” (1923). Improper Stowage.—The vessel is a single deck ship, longitudinal 
framing, and a cargo of palm oil in casks was stowed at the bottom of the hold; on 
top of same were loaded bags of kernels of such weight as to crush the casks in, the palm 
oil escaping into the bilges. The two lower Courts had maintained the principle that if 
two parcels of cargo were so stowed that one could injure the other during the voyage 
the ship was not seaworthy, she being unseaworthy for the carriage of palm oil in casks 
by reason of the depth of hold and absence of tween decks. The House of Lords in 
giving a majority judgment that the case was improper stowage, stated that the general 
principles were not in doubt. It was well settled that a shipowner or charterer who 
contracted to carry goods by sea thereby warranted not only that the ship in which he 
proposed to carry them should be seaworthy in the ordinary sense of the word (ie., that 
she should be tight, staunch, strong and reasonably fit to encounter whatever perils might 
be expected) but also that the furniture and equipment should be reasonably fit to receive 
the cargo and carry it to the destination. This latter obligation is sometimes referred to 
as a warranty of seaworthiness for the cargo and illustrating this obligation as applied to 
equipment it was stated there was no rule that if two parcels of cargo were so stowed that 
one could injure the other during a voyage that the ship was unseaworthy. The damage 
arose due to the fact that after the casks had been stowed the master allowed a weight to 

: be shipped on them which no casks could bear; the injury was not caused by any 
unfitness of the ship or her equipment, but was caused, not by unseaworthiness for which 
the shipowners would have been liable, but by improper stowage for which under the 
bills of lading the shipowners were not responsible. 


In the following case the point at issue was negligent stowage. 


8.s. “Oceanic”. Negligent Stowage.—This vessel was chartered to load a full and complete cargo 
of sawn deals, the vessel to be provided with a deck load not exceeding what she could 
reasonably stow and carry. Exceptions included accidents of navigation or latent defects 
in, or accidents to, hull and machinery always excepted even when occasioned by 
negligence, etc., of master mariners or other persons employed by the Shipowner. While 
taking in the cargo the mate warned the shipowners’ stevedore that proper care was not 
being taken, and later in voyage the cargo piled up on the deck pressed so severely on 
the uprights that the stanchions supporting same gave way and part of cargo was lost 
overboard. The weather was fine and the ship was in herself in all respects seaworthy. 

The case came to the Courts as to whether the loss was due to unseaworthiness of 
the ship or the negligence of the persons employed by the owners. It was held that the 
Shipowners were not responsible, the loss of cargo not being due to unseaworthiness but 
to an “accident” occasioned by negligence. 
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DECK CARGOES. 

Deck Cargoes are defined in the Merchant Shipping Act, Section 451, under Safety Section V. 
dealing with the loading of timber, and for the purposes of this section :— 

The expression “deck cargo” means any cargo carried either in any uncovered space upon deck or in 
any covered space not included in the cubical contents forming the ship’s registered tonnage. 

Heavy wood goods (i.e., pitch pine, mahogany, oak, teak or equivalent) may only be carried as deck 
cargo in covered spaces on particular class of ships approved by the Board of Trade and loaded in 
accordance with Board of Trade regulations as to loading. Light wood goods (i.¢., deals, battens) are not 
restricted in the same manner as to position where they may be loaded but can be carried in an uncovered 
space. 

In a vessel chartered for timber loading the Charter Party provided that the vessel 
should be loaded with full cargo of timber. Upon the confined spaces below the deck 
being filled, the master requested further timber for a deck load, which was furnished. 
Bad weather ensued on the yoyage and some of the deck cargo was jettisoned. The 
shipper claimed the value of the goods jettisoned from the shipowner on the ground 
that they were improperly stowed. 

The Judge directed the Jury that it was for them to say whether the stowage was 
such as to increase the perils of navigation ; that if the danger to the ship or to the 
cargo loaded on the deck was increased, it was improper stowage because it tended to 
the injury of the goods. In giving his ruling the Chief Justice said if a particular 
mode of stowage be conformable to the established usage of the trade it may not be 
improper although another mode may be safer. Prima facie :—the deck is an improper 
place for stowage, the responsibility for which rests on the master. The loss fell on the 
shipowner, the fundamental point being that the perils of navigation were increased by 
the system of stowage adopted. 


REFRIGERATED CARGOES. 


The stowage of refrigerated cargoes has been ably dealt with by Mr. J. 8. Gordon in his paper on 
the subject submitted to this Association and to the Fourth International Congress of Refrigeration. In 
that paper he stated that the following points require consideration in the stowage of a mixed refrigerated 
cargo :—The stability or trim of a vessel—the rotation of loading or discharging ports—the nature of 
the produce, whether it is permissable to overstow—the temperature of different compartments with their 
ventilation. 

Further, as it is not an uncommon practice in some ports to load metal ingots (lead, copper, etc.), on 
the bottom of an insulated hold, it is important that all the heat should be extracted from the ingots 
before a refrigerated cargo is stowed therein. Different perishable commodities may be stowed in the 
same chambers, such as frozen butter and meat, but special produce such as eggs, which are very 
susceptible to taint from odours, must be isolated. 


Taint in holds, s.s. “ Nairnshire.’”—In this case several parcels of mutton were shipped at 
Melbourne under refrigerator bills of lading, two of the clauses in which contained 
exceptions of the widest nature and including damage from defect at commencement of 
voyage, but which also stated that the exceptions only applied if reasonable means had 
been taken to provide against defects and unseaworthiness. During the voyage damage 
arose by reason of the tainted condition of the ship at the start of the voyage, caused by 
the use of carbolic acid by the shipowner’s servants. It was held that the shipowner 
was liable for the consequences of the unfitness of the holds for the reception of the 
cargo. 


A vessel must therefore be seaworthy in port prior to loading, at the commencement and during the 
voyage, and seatvorthiness is well understood to mean that measure of fitness which a particular voyage or 
a particular stage of the voyage necessitates. A vessel may be seaworthy for a loading in port but 
nee for the actual voyage. If she puts to sea without remedying the defect, the warranty is 
broken, 
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The warranty of seaworthiness means that a vessel is put into that state in which she ought to be 
put when engaged for the transaction contemplated and possesses that degree of fitness which it would be 
usual and prudent to require at the commencement of the voyage to enable the ship to encounter the 
perils of the sea. 


8.8. “ Thrasyvoulos ” (1919).—This vessel while under time charter loaded a cargo of onions under 
bills of lading exempting the shipowner from loss or damage occasioned by decay, 
putrefaction, sweat, change of character, drainage, leakage, breakage, or any damage or 
loss arising from the nature of the goods, or loss or damage caused by prolongation of 
the voyage, also from perils of the sea and negligence of the shipowner’s servants, 
including equipage. 

The vessel encountered heavy weather making the voyage unduly protracted and on 
eventual arrival and discharge at port of destination, it was found that one-third of the 
cargo was badly damaged. 


Charges of unseaworthiness were made against the steamer on the grounds of 


(1) Insufficiency and inefficiency of ventilators. 

(2) Absence of cleading on stokehold bulkhead. 

(3) Absence of cargo battens to protect the bags of onions. 
(4) Insufficiency of dunnage. 


In substance these charges were upheld, and the steamer was held liable for the 
whole of the damage, notwithstanding that the bills of lading contained the exempting 
clause previously quoted. 


DUNNAGE. 


The question of dunnage suitable for different qualities of cargo is necessarily one of the problems 
to be considered when the seaworthiness of the vessel in its relation to the cargo is under review. Any 
vessel engaged in the carriage of general cargoes is fitted with continuous sparring on the inside of the 
frames, but if goods are stored against such battens in such a way that they come into contact with 
the ship’s sides in the spaces between the battens and damage to the goods results therefrom, the 
Shipowner would generally be held liable for such damages. 


Case of the ss. “Washington City.” (1895).—This case is illustrative. A cargo of hay was 
shipped under bills of lading containing the usual exceptions and also the negligence 
clause. The weather was extraordinarily cold during the loading and part of the voyage. 
On arrival at port of destination the hay at the top and sides was mildewed and 
saturated with sweat. The receivers of the cargo alleged defective ventilation and 
insufficient drainage, in that the bales of hay were in places pressed between the 
permanent battens and touched the ship’s side, the consequence being that the free 
circulation of air was checked and the sweat did not freely flow down the side, but 
instead passed into the cargo. 

On trial, the shipowners were held responsible for the damage. 


There have, however, been cases of actions for damage in which the shipowners have not been held 
responsible, though the absence of special dunnage allowed contact of the cargo with the ship’s side, and 
the responsibility would probably eventually be found to depend on use and custom in loading. 

Shipments of rice in transit from the Burma rice ports are more or less liable to damage by 
sweating. ‘They are usually insured on F.P.A. terms which do not cover sweat damage except in rare 
cases when such damage is caused by sea or other water damage, provided of course, that an accident 
has happened which cancels the F.P.A. warranty of the policy. Rice can, however, be insured with 
average, and when this is done, dumage by sweat is again excepted unless it has been caused by a peril of 
the sea, as, for example, heavy weather which has necessitated keeping hatches and ventilators closed for 
sufficient time to cause sweating which would not otherwise have occurred. 
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It is usual in the case of shipments of rice from the Burma ports to Europe to provide against 
sweating by ventilating the cargo by means of box ventilators running through the cargo and communi- 
cating with the steamer’s permanent cowl ventilators and hatches. These box ventilators are constructed 
of two six inch boards joined by battens forming a shaft six inches by six inches. As, however, the 
moisture causing the sweating is denser than the atmosphere, it fails to rise from the lower part of the 
holds and condenses on the skin of the ship. The cargo is protected by the owners as far as possible from 
condensed moisture on the skin ef the ship by crossed bamboos placed over the permanent dunnage, and 
by mats placed over the crossed bamboos. This, however, often fails to protect the bags of rice, as water 
frequently collects on stringers and frames and comes in contact through the bamboos and mats with the 
bags. 


All this condensation is, of course, the result of insufficient ventilation. Probably the present system 
of ventilation might be improved upon by exhausting the dense moist vapour from the lower part of the 
hold, instead of attempting to drive it out by means of the current of air introduced into the ventilation 
system from the leeward permanent cowls. A further point is that all stringers should be provided with 
means for accumulated sweat to find its way down into the bilges. 


RELATION BETWEEN CLASSIFICATION AND CaRGO. 


As defined under the heading of classification, the Rules of a classification society take into 
consideration not only the problem of strength, but also prescribe in regard to details of construction 
necessary to make a ship efficient in service. 


CLEADING OF BULKHEADS. 


The case quoted of the s.s. “Thrasyvoulos” has a distinct relation to the recent amendment 
to the Society’s Rules by which wood lining is not required to the hold side of the boiler room bulkhead 
with an air space between it and the plating. It is obvious that the fitting of wood lining is not necessary 
where cargo such as ore or steel rails is carried, and it is also obvious that if a sufficient space exists 
between the boilers and the steel bulkhead to ensure that the bulkhead does not become heated there is 
no need for wood lining for other cargoes. 


CAULKING OF DECKS IN RELATION TO PARCELS OF CaRGo. 


All decks are required by the classification rules to be caulked and made watertight. The caulking 
of unsheathed lower decks cannot be considered as increasing the strength of the structure, but must be 
considered to be necessary purely from a shipowner’s point of view, in order to separate parcels of cargo 
which may be stowed in different compartments ; it certainly minimises the risk of damage to cargo in 
one compartment being caused by the cargo stowed in another compartment, such as might occur if a 
liquid cargo in casks became damaged by bad stowage, when the liquid would, except for the existence of 
a caulked watertight deck, penetrate through the deck on to the cargo below. It could hardly be 
considered that the absence of caulking on the lower decks would render a vessel unseaworthy in a general 
sense, although its absence might render her unseaworthy in relation to the cargo for the particular work 
she had io perform. 


It is to be noted that lower decks, although strong enough for the loads they have to carry, are 
occasionally fitted not in compliance with the classification rules, and in order that the character of such 
decks may be clearly understood, they are denoted in the Register Book as Platform Decks. 


Carco BATTENs. 


To comply with the essentials for the safe conveyance of dry and perishable cargo, it is necessary that 
cargo battens should be fitted, and the Rules of Classification require these to be fitted in all permanently 
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enclosed spaces. As the special trades in which some ships are engaged only require the transport of non- 
perishable cargoes, it is obvious that a vessel may be seaworthy so far as a non-perishable cargo is concerned, 
even when cargo battens are not fitted, and when an owner does not require them the certificate of classi- 
fication is endorsed “Cargo battens not fitted.” 

The definition of the particular nature of the cargo which requires battens is thus placed on the 
owner, and it will be his responsibility to comply with requirements for seaworthiness of the ship as 
regards particular cargoes to be carried. 


TONNAGE OPENINGS. 


The position of the shelter deck vessel (the term “ shelter deck” is understood to mean a ship having 
a tonnage opening), in regard to seaworthiness is, however, somewhat peculiar. So far as the strength 
of the structure is concerned, it is the duty of the classification society to provide sufficient strength for 
the load to be borne, which is, of course, quite logical; the total weight of the load permitted depends, 
however, upon the nature of an opening in the deck (the opening being fitted so that the tonnage may be 
reduced to a minimum), which has no permanent means of closing, but which may, or may not, have 
means for being temporarily closed. 

It would appear, therefore, that in any vessel which has an opening in the deck, with no permanent 
means of closing the space to which the opening gives access, such space cannot be defined as being 
permanently enclosed, and, as a consequence, the provision of cargo battens in that space could hardly 
be insisted upon by the classification rules. 

The certificate of classification would, however, define such a ship as being fit to carry dry and 
perishable cargoes; in the case of damage to perishable cargo carried in such space, it is not, however, 
clear that the ship would be seaworthy in respect of the cargo carried therein, Especially is this the case 
when a vessel of this type has no means (temporary or otherwise), of closing the tonnage opening. 

It is possible that the notation “shelter deck” associated with the class would protect the interests 
involved, the word “shelter” meaning literally, ‘not pertaining to a closed in space.” Where, however, 
in a vessel of this type damage occurs to cargo (even if properly dunnaged), carried in the ’tween deck 
space not measured in tonnage on account of an opening in the deck, it is probable that the shipowner 
would be condemned for damage on the grounds of unseaworthiness, unless his negligence clause had 
been worded to cover such a case. 

Should a shipowner be condemned for damages in such a case it might not be an unmixed evil, as 
it would cause shipowners to give consideration to the problem as to whether it would not be preferable 
to dispense with the opening and measure the space into the tonnage of the vessel. The annual 
expenditure involved by including the space in the tonnage might be more than balanced by the saving 
in expenditure due to damage. 


EQuIPMENT. 


Part V. of the Merchant Shipping Act, Clause 418 defines the regulations governing the lights 
to be carried for exhibition, also the fog signals to be carried for use with the object of prevention 
of collisions; the Board of Trade are given authority, under Clause 427, to define rules for life saving 
appliances, while under Clause 432 the regulations require a vessel carrying passengers to have her 
compasses properly adjusted, and also that every British vessel shall be provided with a hose capable of 
being connected with the engines, for the purpose of extinguishing fire in any part of the ship. Under 
the Merchant Shipping Wireless Telegraphy Act, 1919, every seagoing British passenger ship, or a ship 
of 1,600 tons gross and upwards, shail be provided with a wireless telegraph installation, and maintain 
a wireless telegraph service with operators and watchers. 

Further, in the case of an unsafe ship, the Board of Trade may direct an enquiry into the condition 
of a vessel’s anchors and chains, and if they have not been tested in accordance with the Anchors and 
Chain Cable Act, 1899 (Section 4), may make such further orders as they consider requisite. 

It will be noted that these requirements are all essential for seaworthiness, and equally so whether 
the vessel is loaded or light, but there are other requirements included in a complete equipment for a 
vessel, which would be required to be reasonably fit to receive the cargo, and enable it to be carried safely 
to-its destination. 
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The requirements in regard to drainage necessitate arrangements being made to pump any 
accumulation of water from any compartments of a vessel, and in a properly designed ship, in addition to 
pumping arrangements from all watertight spaces such as tanks, it should be possible for any water due 
to sweat, or which may enter the vessel from any of the permanent fittings, such as ventilators, to come 
eventually under the control of the pumps. 

A case of interest tried in the Courts, where the issue was imperfect equipment, was that of the 
ss. “Schwan” :— 


8.s. “Schwan,” 1908. Imperfect Equipment.—A parcel of sugar was shipped under bills of lading, 
exempting the shipowners from loss or damage resulting from defects in hull, tackle 
apparatus, machinery, boilers, or from any act, neglect or default of the equipage or 
owners’ agents, re the management, loading, steering, discharging, or navigation of the 
ship, but the shipowners or agents were to exercise reasonable care and diligence with 
the ship, her tackle, machinery and appurtenances. The suction pipe of the ballast 
donkey pump in the engine room was connected with a 3 way cock with 2 pipes, viz. :— 
a sea inlet, and the hold bilge suctions. By turning the cock, water could in 
consequence be drawn by the donkey from the sea or from the bilges. 

It was proved that the cock was of such construction that in certain positions all 8 
ways were open to one another at the same time. 

The sugar, stowed in No. 2 hold, was damaged by sea water, which was allowed 
to flow into the hold through the design of the cock. The owners of the cargo 
contended that the defective design of cock rendered the vessel unseaworthy, and that 
reasonable care and diligence had not been exercised by the owners. 

After passing through all the Courts to the House of Lords, it was decided that the 
ship was initially unseaworthy, the 3-way cock being dangerous in its character, more 
particularly in view of the fact that the chief engineer was not acquainted with the 
exact nature of the risks attached to improper adjustment. 


For some reason not defined, the classification of a vessel in regard to equipment is treated differently 
from that of the hull and machinery, and even should the equipment of a vessel (7.¢., equipment as defined 
by the classification rules) not comply with the rules, she can still be classed, but without the index 
figure “1” in regard to equipment. 


Healey v. Pinkney 8.8. Company (1894).—In this case it was defined that ‘“Seaworthiness. . . 
for the voyage” means that the ship must be “ in a fit state as to repairs, equipment and 
crew and all other respects to encounter the ordinary perils of the voyage, but that it is 
not vitiated by neglect properly to use the appliances on board a vessel well equipped and 
furnished.” 


It therefore appears that for a vessel to be seaworthy the equipment must be in proper condition. 
Under classification rules are defined the sizes of cables, anchors, &c., and these rules also specify the 
fitting of a substantial windlass of suitable size and efficiently secured, together with hawse pipes and a 
suitable number of boats, all these to be in good and efficient condition. 

It would appear that as regards equipment the classification rules only take account of such fittings 
as might be brought into play when a ship is being berthed or brought to anchorage, but to be seaworthy 
in relation to the cargo, all such outfit as cargo tackle, winches, and means of loading and discharging 
cargoes would necessarily come into review. 


EQUIPAGE. 


MASTER'S RESPONSIBILITY. 

The clauses quoted earlier in the paper, 457 (2) and 439 of the Merchant Shipping Act, place the 
responsibility definitely on the master for unseaworthiness ; substantially in law he has authority to do 
all that which is fit and proper for the service on which the vessel is engaged, and which a prudent owner 
would order were he present. 
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The freeboard marks (Clause 10, Tables of Freeboard), which define the maximum load of cargo 
permitted to be carried, are assigned on the assumption that the relation of breadth to depth of ship is 
such as to ensure safety at sea with homogeneous cargo, but in vessels of less relative breadth the 
freeboard should be so increased as to provide sufficient range of stability or other means be adopted to 
secure the same. The master of any vessel by means of the load line has the maximum load indicated 
for homogenous cargoes for a normally proportioned vessel, but since cargoes are often not homogeneous, 
it follows that the responsibility for seeing that the second portion of this clause is complied with must 
fall entirely on the operators of the vessel. The responsibility of the assigning authority, which is 
generally the classification society, is limited to homogeneous cargoes. 

The master has implied authority to do whatsoever is necessary to make a vessel seaworthy ; he has 
in addition other powers to transact business for his owners which are outside the scope of the subject 
matter of this paper, and on which it is unnecessary to comment here. 

The master is presumed to be acquainted with all the ordinary characteristics of goods carried as 
merchandise, with the probable consequences of storing goods in particular positions, or in the relation of 
stowage of goods to one another. The owners are responsible through the master for all damage or 
deterioration unless it is clearly established by an exception clause that this responsibility is removed, but 
for natural vice such as decay not caused by neglect in loading or stowage the owner is not liable. 


REMAINDER OF EQUIPAGE. 


By common law the master is in the post of supreme authority on a vessel; in the exercise of his 
functions he is subject not only to the requirements of the Acts of Parliament already quoted, but also to 
the different requirements of several other Acts. The crew are responsible to the master for the diligent 
performance of their duties, but even ordinary diligence may not be enough, as will more easily appeal to 
our engineering colleagues when special fittings which come within the engineers’ responsibility are 
considered, and which, if not carefully watched, may cause a breakdown in some vital part of the 
machinery, to the prejudice of the seaworthiness and classification of the vessel and its machinery. 


PROVISIONING AND BUNKERING. 


The supply of stores and bunkers also enters into the question of seaworthiness, and it is part of the 
obligation of a shipowner to see that there is a sufficiency on board for each defined stage of the voyage. 


8.8. “Vortigern,” 1898:—This vessel was chartered to carry a full cargo from the Philippines to 
Liverpool, with liberty to call at any ports en route for bunkers, the charter party and 
bill of lading having the exception clause “dangers of navigation or machinery, negligence, 
default, or error in judgment of the owners, pilot, master, and crew excepted,” 

The vessel called at different ports for bunkers on the way home, but on one stage 
the bunkers ran low, and part of the cargo of copra was mixed with the coal, and burnt 
in the boilers. 

The case came before the courts, when it was held that the owners were liable for 
the value of the copra, as there was an implied warranty that the vessel was seaworthy, 
not only at the commencement of the voyage, but at each stage thereof, and that at the 
stage where the copra was consumed the vessel was unseaworthy. 


CONCLUSION. 


This paper has been attempted with the object of covering only the relation that classification plays 
to the definition of seaworthiness, and as successful operation is dependent upon the care exercised, not 
only in the loading and stowage of cargoes, but on so many other factors, such as suitability of types of 
vessels for particular service, knowledge of sea routes and weather conditions likely to be experienced, 
inherent nature of cargoes and their stowage, &c., &c., the rules of a classification society can only be 
based on the average experience obtained in transport. 
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One important point on which legal evidence is somewhat lacking is the engine power necessary 
for seaworthiness. Insufficient engine power is a grave danger to a vessel, to be overpowered is also a 
grave danger, as only those who have had to investigate straining of bottoms forward can appreciate ; it 
is a matter entirely for the owner and builder to decide, as to how much energy is necessary for the 
particular purpose for which a vessel is designed, but on such decision depends to a great extent the 
future seaworthiness of the vessel. 

From many points of view it is desirable that a general statement should be made for the benefit of 
masters and owners, as to how a vessel should be treated, and in view of the knowledge which a master 
must possess of all the different bearings of his work, it would appear advisable that diagrams of stress 
and stability, under different conditions of loading and ballasting of his vessel, should be furnished 
for his aid. 

Interim certificates are usually issued because of something having occurred to the vessel between 
the periods of passing special surveys, and since it has become commercial practice to consider a certificate 
of special survey of classification as a seaworthy certificate, it follows also that an interim certificate 
which is issued for the purpose of continuing classification under some change which has taken place in 
a vessel, will also be invested with the cloak of seaworthiness. It is not actually a certificate of 
seaworthiness, hut practice and custom have defined the interim certificate as being such. 

In looking backward over the Society’s Register Book for a period of about 100 years, it will be 
found that the character of the information published has changed conside ‘ably. In the early days the 
captain’s name and intended voyage was published in the Register Book, and while the march of events 
has caused this information to be eliminated, there is no doubt at that time it must have served as a 
valuable guide to underwriters. 

In those days also, the individual name of the owners was published, but to-day the trend of events 
has turned the owners so often into a limited liability company, that the knowledge of the individual 
operators of a vessel is vague. 

There seems to be no reason why specialists should not see a vessel loaded, test her for stability, and 
certify for example that cases of butter had not been stowed against boiler room bulkheads. 

Many builders and owners do prepare and furnish for the use of those responsible for the handling 
of their vessels diagrams showing the effect of various methods of loading and ballasting in regard to the 
stresses resulting from the forces developed on the structure, together with the effect on the stability of 
their vessels. Although it may be impossible to issue a classified record of stability or stowage, or 
inadvisable to define a standard for stability or stowage, yet the knowledge which comes from an 
investigation of loading and ballasting in its relation to stability and stress must be helpful in saving 
vessels from meeting with undue damage. 

With the growth in size of cargo vessels which has taken place during the past 20-30 years, this 
branch of the subject of classification in its relation to seaworthiness is gradually assuming greater 
importance, and while there is a danger of the technical staff of a classification society being smothered 
in constructional details, it is suggested that if the same degree of development takes place during the 
next 20-30 years as has been the case in the past, it will necessitate such investigations being made in 
the case of every vessel of large deadweight capacity, so that owners may assure themselves that the 
strains coming on a structure are not greater than those which the vessel is designed to withstand, 


DISCUSSION ON Mr. B. J. IVES’ PAPER 


ON 


“CLASSIFICATION, AND SEAWORTHINESS,” 


Mr. H. Ruck-Krenr. 


The author has given us a most interesting paper on the subject of “Classification and Sea- 
worthiness.” 

It is quite commonly considered that a vessel is seaworthy if she has a classification certificate from a 
recognised classification society. 

This is not entirely correct, as has been pointed out by the author, who states that the 
seaworthiness of a vessel rests largely with the owners, and a yessel may be in an unseaworthy condition 
although she is classed with recognised classification societies. 

Improper loading, overloading, equipage, provisioning, hankering, &e.. may render a vessel unsea- 
worthy, and these are matters over which classification societies have no control and, therefore for which 
they can assume no responsibility. 

T he classification societies do, however, take a large measure of responsibility regarding the structure 
and upkeep of a vessel and her machinery, as being fit to carry dry and perishable cargoes. This Society, 
however, very rightly does not permit the surveyors to issue an interim certificate “that: a vessel is in'a 
seaworthy condition, for, as already stated, there are conditions under which a vessel may he nuseaworthy 
over which this Society has no control. 

With regard to the question of refrigerating machinery and appliances for which this Society’s 
vertificates are accepted all over the world, these certificates certify that the machinery and appliances 
when examined at either the home or loading port were in good condition. The survey at the loading 
port certifies that the refrigerating machinery was in good working condition, the insulation in the 
chambers was in good condition, and that the insulated chambers had been cooled down to the correct 
temperature before loading a refriger ated cargo. 

These certificates exonerate the owners from any suggestion that the refrigerating machinery and 
appliances were api aay before the refrigers ated ¢ argo was loaded, but have no reference to damage 
to the cargo, due to, say, improper stowage, to the cargoes not having been properly cooled down 
before loading and to ate commodities requiring different temperatures being placed in the same 
compartments, and to damage by taint from odours. 

These inatters again, as in the case of the ss. “NatrNsHmre” mentioned in this paper, are the 
owners’ responsibility. 

In conclusion, [ should like to thank the author for the very valuable paper he has given to the Staff 
Association. 


Mr. 8S. TownsHenp. 


The author, in this very interesting and instructive paper, shows that seaworthiness is the 
fundamental neal of Marine Insurance, and he states that it has become commercial practice to regard a 
certificate of classification as a seaworthy certificate. But he shows, by special cases, how very frequently 
the certificate of classification falls far short of a seaworthy certificate and should, in short, not be 
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regarded as such. If Marine Insurers generally look upon the classification certificate as a seaworthy 
certificate, it appears that a good service can be rendered by allowing them to read this paper. 

The author suggests that it would not be unreasonable for the society classing a ship to insist upon 
a freeboard being assizne! and marked. I am in thorough agreement with this suggestion. It seems 
strange that the scantlings of a ship should be determined in relation to a certain load, yet no provision 
is made for limiting the load that can be imposed upon the structure in practice. Fortunately most of 
the maritime nations have fre-board regulations and so the danger of much overloading is small. 

The classification certificate states that the ship is fit to carry dry and perishable cargoes. It is 


-obviously intended that only the enclosed parts of the ship are covered by this statement. Perishable 


cargoes should not be carried in tonnage-exempted spaces. such as tlie shelter-’tween decks and bridge 
spaces, &c. An owner desiring to carry perishable goods in these spaces would presumably have to declare 
the fact to the insurers and pay an increased premium. But if the owner, through an oversight or 
neglect. failed to make the declaration, how can the insurer ascertain his liability from the particulars 
given in the Register Book? It is not easy, even to the technical mind, to determine from the Register 
Book whether a shelter deck ship is fitted with a tonnage opening or not, particularly when two complete 
decks are fitted below the shelter deck, and it is quite impossible to determine from the Register Book 
whether a bridge erection is an open or enclosed space. This difficulty is increased in the case of ships 
built in accordance with the Society’s Revised Rules, as all reference to the term “Shelter Deck” is 
omitted. 

May I venture to suggest that it is reasonably possible to widen the scope of the classification 
certificate to cover many of the points referred to by the author? The six factors bearing on seaworthiness, 
referred to on page 3, can be placed in two groups :— 

Group 1. Items pertaining to the ship, its machinery and equipment. 
Group 2. Items pertaining to equipage, loading, provisioning and bunkering. 

The items in Group 2 are solely under the contro] of the owner and master, but most of the items in 
Group 1 could be dealt with by technical rules. 

As an example, let us consider stability in its relation to seaworthiness. At present the onus of 
providing a stable ship lies with the owner and builder. Neither classification rules nor freeboard rules 
fix the relation between beam, depth and draft, and thus classification societies can accept for class, 
ships whose design and proportions are such that they may be unseaworthy under certain reasonable 
conditions of loading. It appears to me practicable to frame rules to regulate the stability of cargo ships 
when loaded with homogeneous cargo, and, if this were done, the design and proportions could be altered 
in the design stage. A similar procedure could also be a»plied to the carriage of deck loads, and rules 
might be framed to include outfit, life-saving appliances. machinery power, ventilation, &c. 

It is realised that development is liable to be stunted by too much regulation and control, but the 
above suggestion would appear to have more advantages than disadvantages. For example, some restraint 
could be placed upon the building of small shelter deck ships having tonnage openings, with no sheer and 
no round of beam, and having the load-line within a few inches of the freeboard deck, The only merit 
these ships have is that of tonnage-cheating, and it is obtained by the sacrifice of seaworthiness—in fact, 
the ships would be quite unseaworthy if they complied in detail with the law, ani are only made less 
unseaworthy by evasion of the law. Then again, some control could be exercised in regard to the width 
of hatchways. There is a growing practice to fit very wide hatchways in so-called “self-trimming” 
steamers, with the result that the ships become virtually open-decked. The number of casualties to this 
type of ship in recent times seems to point to the necessity of some restriction in the size of hatchways, 
or modification in the construction thereof. If the foregoing proposals could be carried out the 
classification certificate could be justly regarded as a seaworthy certificate so far as the ship and its 
equipment is concerned. 


Str Westcott 8. ABELL. 


1 take it that the object of classification is to ensure as far as humanly possible that the vessel herself 
is fit to go anywhere and do anything. But even that has its limits, since it can only be true for ordinary 
use and average perils. [t has even been argued that the fixing of the loadline is an implied warranty 
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that the ship should in practice be always stable. How can that be true where pig iron is loaded in the 
“tween decks and cotton below ? 

Seaworthiness, as [ gather, means not only that the vessel herself is a fit vessel for average risks, but 
that she is fit for the “particular adventure”—which I should interpret, as does Mr. Ives, that she is 
properly found for the risks of a particular voyage, and that proper means have been taken to load her, 
having in mind the particular risks to be faced. 

Classification in the highest sense endeavours to secure that the vessel is reasonably fit in all respects 
to encounter the ordinary perils of the sea and the average of all particular ventures. It is evident from 
the very nature of things that classification cannot be taken to include management. It is a material 
thing, and, therefore, it may be said that seaworthiness includes both “personnel” and ‘“ matériel.” 
Mathematical formule are very much in fashion today, and I may be pardoned for putting the question 
at issue in this paper into the form :— 

SsS=C+P 


where “S”’ stands for seaworthiness, “C” for classification, and “P” for the personal equation. This 
reading is certainly confirmed by the decision, quoted on page 5, on the “City or Lincoun.” 

Various efforts have been made from time to time to lay down either a warranted or, at least, implied 
standard of stability for vessels, ant to associate this in some way with the question of freeboard assign- 
ment. The Loadline Committee of 1913-15 were particularly definite in excluding the question of 
stability from the operation of the freeboard rules. ‘They say that “the rules necessarily assume that the 
nature and stowage of the cargo are such as to ensure sufficient stability for the vessel when loaded. The 
responsibility for loading the vessel so as to secure sufficient stability must rest on the master ” 

[ think it will be of interest to point out that the International Shipping Conference when dealing 
with the question of deck cargoes (in which, of course, the question of stability is of still greater import- 
ance) put into their suggestions the following clauses, of which the most important from this point of view 
is No. 3, which requires that the vessel on leaving port after a deck cargo of wood goods has been loaded 
must not have a list :— 

STOWAGE OF CARGO. 

1. The master of the ship is responsible . . . that the stowage of the cargo and the 
amount of ballast carried is such as to ensure sufficient stability, having due regard to the weight 
and height of deck cargo carried. 

2. The master of the ship is required to note daily in the ship’s log the height of the deck 
cargo, the amount of ballast carried and the list, if any. 

: 3. On leaving port, after a deck cargo of wood goods has been loaded, the ship must not have 
a list. 

4. The master of the ship is responsible that the deck cargo is so stowed and supported that 
the deck is not unduly strained. 

Various discussions took place having regard to a desire to lay down a more definite condition than 
one of neutral equilibrium, but on the whole it was felt that this was at least some measure of stability, 
and could be better administered than a requirement for a definite initial righting couple. It should 


further be noted that the second clause sige the master to record in the log book any list that may 


occur and the conditions accompanying such list. 


This is, perhaps, as far as it is possible to go administratively in the question of stability. 
In conclusion, I should like to thank Mr. Ives for the great care and trouble he has taken to collate 
the various factors bearing on the question of seaworthiness. 


Mr. C. C. GEARING. 


In congratulating Mr. lves on his very interesting paper, I would like to say that 1 hope he has not 
found it as hard to write as I find it to discuss. 


The quality or definition of seaworthiness of a ship is one that could be expanded or contracted to a 
very great extent. 

A ship may have been designed to comply with the requirements for the highest class of the best 
classification society, to the latest rules and nt the supervision of the most oafefial and thoroughgoing 
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surveyor, and completed with the full experience of the most conscientious owners and builders, but a 
passenger will ecid consider her seaworthy if he is kept awake of nights by creaking, the cause of 
which may be hardly discoverable, nor if there is the least drip of water on his nose from the smallest 
open seam overhead. 

Nor is a large ship seaworthy unless she is designed to remain afloat after a very serious accident. 

Right at the other end of the scale the craziest old open barge is seaworthy if she can stagger across 
a bay with a load of stones without foundering. 

The classification society is, in the first place, limited in its scope. 

Its rules cover many attributes of seaworthiness, but by no means all. 

The work of the Loadline Committee, which has been embodied in the Rules, has undoubtedly had 
a vast effect in improving seaworthiness. Previously a ship might, in some respects, have been likened 
to a house with elaborate burglar-proof devices fitted to the windows, but with the front door left open. 

Lloyd’s Register is not responsible for the design, nor for the use and abuse of a ship. Its Rules 
provide a fair margin of strength for ordinary ships, loaded and operated reasonably and moderately. It 
would be unwise, under present conditions, to make provision in the Rules for ships treated differently 
from the above, if they are to carry concentrated cargoes or to be driven fast through heavy seas they 
should be specially strengthened ; the ordinary shipowner ought not to incur a heavy and unnecessary 
initial capital expenditure on this account. 

Turning mcre particularly to the most interesting detailed information contained in the paper. I 
find I do not clearly grasp what is meant by clause 39, paragraph 5, page 2: “In a time warranty there 
is no implied warranty that the ship shall be seaworthy at any stage of tle adventure.” 

A more detailed account of the Norske Veritas freeboard markings B, to B, on page 6 would be 
interesting, showing how these have been arrived at. Several very careful and elaborate investigations of 
the strength of ships carrying ore in bulk have been made in this office. In the case of at least one such 
ship, built in Sweden, it was found that the principal calculated longitudinal stresses, when ore was 
carried in pyramids, did not exceed those which would result from the calculations when ordinary 
homogeneous cargo was carried, but the shear stresses in the riveting of the edges of the shell plating 
near the neutral axis was such that an extra pair of rivets was suggested to be fitted in each frame space. 
This proposal was not carried out in the ship, but I have never heard if any ill consequence ensued. 

The loss of the propeller blades in the case of the “GLENFRUIN,” page 7, is chiefly interesting 
because cast steel blades were substituted for cast iron. 

I have never been able to understand why such a vital matter as the supply of an efficient equipment 
of anchors, chains, windlass, &c., should not be made an essential part of a ship’s classification. 

I was glad to see that, on page 15, Mr. Ives emphasises the desirability of those responsible tor the 
working of ships being provided with particulars of the calculited stresses for various conditions of 
loading, and I suggest it would be a good thing if this information could be associated with the danger 
points Mr. Thomson has warned us of in his paper on longitudinal strength. 

I would like to thank Mr. Ives very much for the pleasure and profit I have derived in reading this 
paper, and in listening to the discussion to which it has given rise. 


Mr. J. Hopa@son. 


The chief interest of Surveyors in the matter under discussion is perhaps summed up in the second 
paragraph of the paper. The paper clearly emphasises the very comprehensive nature of the term 
“seaworthiness,” and, in consequence, exposes the very strict limitations of the value of interim 
certificates or certificates of seaworthiness. 

It will no doubt be admitted that, irrespective of what a classification society intends, the shipping 
community in general places a very high value upon an interim certificate issued by a classification 
society, and regards such a certificate as a guarantee of seaworthiness. 

The interim certificate at best can only mean that the vessel’s hull, machinery and equipment are in 
good and efficient condition according to the rules of the society, and it appears possible that something 
more might be done to emphasise the true meaning of tle guarantee implied in the certificate. 

For instance, in visiting a vessel after damage, for the purpose of issuing an interim certificate. it 
very often happens that only the damaged portion of the ship can be examined, the remainder of the 


vessel being generally inaccessible. In such cases, according to the Instructions to Surveyors, the surveyor 
is expected to use his discretion as to the insertion of the words ‘fit to carry dry and perishable cargoes” 
in the certificate ; in most cases, however, the words are inserted. 

A point for consideration seems to be, whether, when the examination has been limited to the 
damage in question, the words referred to should not be omitted altogether, or some formula devised 
which would be justified by the nature of the examination made. 

Even when the vessel has been thoroughly examined the statement that she is fit to carry dry and 
perishable cargoes is subject to the unexpressed condition that the cargo is properly stowed. 

Many cases of damaged cargo are due to improper stowage or lack of precaution in providing 
adequate means for the protection of the cargo. that such damage may occur is apparent from the 
case of the steamer ‘ WASHINGTON Citry,” mentioned on page 10. 

In this respect, therefore, it is suggested that this contingency might be suitably met by extending 
the statement on the certificate to read “fit to carry dry and perishable cargoes when the same are 
properly stowed, due regard being given to the nature of the cargo.” 

The author has rightly emphasised the importance of the factor of sufficient stability amongst the 
various attributes of complete seaworthiness, and also mentioned the rather meagre control exercised by 
the different controlling bodies upon the question of stability. 

The problem of formulating rules to ensure an adequate margin of stability under all conditions is 
no doubt a very difficult one. It does seem possible, however, that since the master is responsible for the 
safe loading of the ship, it might be made a condition of classification or assignment of freeboard that 
all ship masters should be provided with adequate information regarding the stability of their vessels to 
enable them suitably to stow cargoes of varying density. 

Stability charts and instruments are now in existence which make this a comparatively simple matter 
for the ordinary ship master. 

With regard to the stresses to which a vessel might be subjected under various longitudinal 
distributions of cargo, it would seem that the rules of the classification societies could be framed to keep 
these within safe limits under all possible conditions of loading, although, as Mr. Ives points out, this 
would no doubt entail much more detailed investigation on the part of the technical staffs of the societies. 


Mr. A. C. JOHNSTONE. 


1 keenly appreciate the privilege afforded of making a few remarks on Mr. Ives’ very able paper on 
classification and seaworthiness which certainly fills a long felt want. 

From the average adjusters point of view the classification survey certificate is a necessary adjunct 
to the damage report, and is more than an indication that the vessel is in a good and efficient condition ; 
it is an unbiased definite proof that the repairs recommended in the damage report have been faithfully 
carried out. 

The case of the “GLENFRUIN” (1885) was purely one of latent defect, and this case, coupled with 
the subsequent remarks in the paper, is liable to create the impression that claims for damage through 
latent defect are a burden on owners. 

Two years subsequent to this latter case, in 1887, the case of the steamer “INCHMAREE” was 
submitted to the House of Lords to determine finally the responsibility for claims arising through latent 
defect and negligence, and the judgment was then unanimously given in favour of the underwriters and 
against the owners. 

As owners, naturally, desired this state of affairs remedied, conferences were arranged with under- 
writers, the result of which was the adoption of the clause, in all full form policies, now universally 
known as the “ INCHMAREE” clause, which provides :— 


‘This insurance also specially to cover loss of, or damage to, hull and machinery through the 
negligence of masters, mariners, engineers, or pilots, or through the explosion or burstiug of 
boilers, breakage of shafts, or through any latent defect in the machinery or hull, provided such 
loss or damage has not resulted from want of due diligence by the owners of the ship, or any of 
them, or by the manager.” 
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This clause is, of course, subject to the free of average warranty in the policy. 

It will therefore be seen that the development of latent defect on a voyage is not a violation of the 
warranty of seaworthiness at the beginning of the venture, where all reasonable precautions have been 
taken before sending the vessel to sea, and, in particular average claims for damage through latent defect, 
the claim is one to be borne by the underwriters, provided, of course, the amount of such claim amounts 
to the franchise under the policy. 

In cases where general average expenses have been incurred, the proximate cause of which was latent 
defect, such expenses are recoverable from the various interested parties as in general average practice, so 
that there is a grave responsibility resting on the surveyor whose duty it is to determine, and define, the 
latent defect. 


Mr. J. 8S. Ormiston. 


I think the Association is to be heartily congratulated on this paper by Mr. Ives, and I should like to 
add my appreciation of the valuable support which Mr. Ives has always given to the doings of the 
Association. My experience has been, so far as the structure of the ship is concerned, that definite 
statutory rules under the Merchant Shipping Act did not appear to exist, but as regards everything else 
pertaining to the ship, rulings of a very definite and meticulous nature did exist of which I have had 
personal experience as an administrative surveyor. 

In fact, it might be said as regards the hull, anchors and cables that the standard of seaworthiness to 
carry a dry and perishable cargo is possibly higher than with respect to safety of life at sea. 

On page 3 Mr. Ives sets forth a most useful list of seaworthiness factors. 

I would suggest that to these might be added seaworthiness as regards being in ballast condition in 
such trim as to be unsafe, and this might cover the allied condition of insufficient, improper or improperly 
secured ballasting. Undermanning is a specific case of and might possibly be a serious cause of unsea- 
worthiness. The various law cases and decisions cited in the paper are very interesting, and from some 
of these it would appear as if the owner was not prepared to give any guarantee at all as to the fitness of 
the ship to carry cargo, as for example in the case of the ‘“THRASYVOULOS” on page 10. 

I must say I have always been a little mystified why the rules of classification societies include 
pe of small boats, presumaby lifeboats of some standard, while making no reference to navigation 
ights. 

Lights and fog signals are considered necessary to the safe passage of a ship, whether she be a 
passenger or cargo vessel, and a safe passage of a cargo ship must imply safe delivery of cargo at 
destination. 

To the pertinent remarks at the top of page 8, I would draw attention to the unsafe stress which 
can be induced on the ship’s structure when she is carrying bunker coal and ballast only. 

Seaworthiness as regards stability should certainly be treated as suggested on page 15; the stability 
and likely behaviour of a ship in a seaway are obviously almost entirely governed by suitable stowage of 
cargo. 

As regards sufficiency of engine power it would be very awkward to deal with the case of a sailing 
vessel with auxiliary machinery. The auxiliary machinery should be sufficient to keep the vessel off a lee 
shore in the event of the sail power not being available. 


Mr. W. D. Heox. 


In expressing my personal thanks to Mr. Ives for his excellent paper, I am sure I need say nothing 
more than that it has made us all think. The paper appears to my mind to bring out one great point, 
and that is that apparently seaworthiness can be looked at from two points of view: (1) the legal 
aspect, and (2) the point of view of the classification society. But I am very dubious, as to 
whether in a court of law that distinction would be allowed. Courts of Law, as we all know, very often 
base their decisions on practice and custom, and I think that requires special notice in regard to what 
classification societies call the interim certificate. I think it may be said that in the great majority of 
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A more extreme case is that of an American vessel which, through the absence of any freeboard 
regulations, may load two feet deeper and still be deemed seaworthy. 

On the other hand, a British vessel may have a shelter deck, with its accompanying tonnage 
opening, freeing ports, and scuppers, and no freeboard; and, in consequence, can only be made actually 
seaworthy, by becoming legally unseaworthy ; for to make such a vessel actually seaworthy it is necessary 
to close the scuppers, thus destroying the drainage of the space and making the vessel legally 
unseaworthy. 

The shipowner, with large interests at stake, contravenes the law, but makes his ship actually 
seaworthy (other things being in order), and who can blame him. I believe there is a possibility of this 
anomaly being rectified at a not very distant date. 

With regard to the question of tlassification, it should be emphasised that in no certificate issued by 
this Society does the word “seaworthy” appear, and | cannot agree with the author when he states that a 
“certificate of classification cloaks a vessel with an atmosphere of seaworthiness at a particular moment.” 
Nor can | agree that because commercial practice considers a certificate of classification as a seaworthy 
certificate, an interim certificate implies seaworthiness. Such a conclusion would never be sustained in a 
court of law. It takes two parties to make an agreement, and no special pleading by one party can 
involve the other party who repudiates any suggestion of agreement. So called seaworthy certificates 
merely certify that the vessel is fit to carry dry and perishable cargoes, or certain specific cargoes for 
which the vessel may be designed; but that is only one and not all the attributes of seaworthiness. 

Now I would like to leave the main subject and refer to a few minor points raised by the author. 

On page 5 he refers to “time limits,” and he may be interested to know that even in the case of 
classed vessels the Spanish Authorities require a new certificate of freeboard every four years. The 
British Loadline Committee (1913-15) recommended that freeboards should be verified, and the condition 
of deck openings, &c., ascertained annually, and that the freeboard certificate should be endorsed by the 
Surveyor holding the survey, thus making the certificate virtually an annual one. 1 believe there is a 
good prospect of a regulation on such lines being introduced in the near future. 

Under the paragraph relating to ‘British Freeboards,” I am glad that the author now advocates one 
minimum standard of strength for the guidance of the various assigning authorities, for I seem to 
remember that when J had the honour of reading a paper before you on the subject of “The Freeboard 
and Stability of Shelter Deck Vessels,” Mr. Ives opposed this proposal. 

The paragraph on Norwegian Freeboards is not clear. In the case of full scantling vessels, the 
minimum freeboards are assigned in all cases, and the question of the special freeboards which are 
designated by the marks B1, B2, &c., does not arise. 

These special frecboards only apply in the case of vessels built in accordance with the standard 
awning deck vessels of the Norwegian Veritas, or vessels built in excess of that standard but not 
equivalent to the full scantling standard. 

In the case of a standard awning deck vessel the line B1 corresponds to Table C freeboard, and this 
is the maximum loading permitted when the nature of the cargo to be carried is unrestricted. When 
certain restrictions are placed on the character of the cargo to be carried, deeper loading, in equal 
increments, corresponding to the lines B2, B3, B4 and S is permitted, but in no case can the loading be 
deeper than 8, which corresponds to the centre of the disc in accordance with Table A of the Norwegian 
regulations, or BS, which corresponds with Table A of the British regulations. 

With regard to the paragraph relating to “ Tonnage Openings,” on page 12, it should be noted that 
the record in the Register Book clearly indicates the type of vessel when a tonnage opening is fitted, for 
the moulded depth and freeboard are recorded in relation to the freeboard deck and not to the super- 
structure deck, so obviously the tonnage exempted spaces will be situated above the recorded depth. 

I would suggest, however, that in the record of decks, the number of decks from the freeboard deck 
downwards should be stated, and the tonnage opening deck be recorded as a superstructure deck, for, in 
accordance with the freeboard regulations, a deck having a tonnage opening 1s something less than a 
complete deck. 

In the concluding section of the paper, Mr. Ives suggests that certain technical data should be 
supplied to the captain for his guidance in the handling of the ship. 

Such data is, no doubt, desirable, but I am afraid it is outside the scope of a classification society. 
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Mr. H. J. Tomson. 


There is no doubt that Mr. Ives has presented a paper to the association which is of the greatest 
importance to the whole of the Staff. 

Every Surveyor must be frequently uneasy about issuing Cert. B, and no matter what name may be 
applied to them it is unquestionable that they are accepted as seaworthy certificates. 

That this is no new problem is evidenced by the issue of Circular No. 593 about 40 years ago, 
endeavouring to advise the surveyors in this matter. 

Cert. B is pretty clear, and if the matter could be left there all would doubtless be well, but when 
one turns to the “Instructions to Surveyors,” it is found that an addition, such as the following, may be 
made, viz. :— 

“Subject to the vessel being placed in dry dock for further examination at the first 
convenient opportunity.” 

How far a vessel is seaworthy with such an addition to the certificate is difficult to determine, 
and it would be interesting to have a decision on the meaning of the words “first convenient 
opportunity.” 

A rather famous case of this kind which cropped up a year ago might be quoted. An oil vessel ran 
aground in the Cattegat, and sustained such serious bottom damage that all the oil compartments, except 
the forward pair, were open to the sea. The Salvage Association demanded a seaworthy certificate to 
take the vessel to Rotterdam or an East Coast port, the seaworthiness of the vessel depending on the use 
of compressed air pumps placed on deck. Should a surveyor feel himself justified in issuing such a 
certificate he would be very puzzled to know the phrasing to employ. 

It is doubtful if the surveyors are sufficiently alive to the necessity for using the most guarded 
language in this connection, and Mr. Ives has very rightly included a number of decisions in the law 
courts to emphasise the fact that learned judges interpret the actual expressions used in their legal and 
“customs of the tiade” sense, and have no interest in the intentions of the writer, however excellent they 
may be. 

" According to the Marine Insurance Act of 1906 the only policies not subject to the warranty of 
seaworthiness are time policies. The reason for this unique exception is that there is nothing to prevent 
a time policy lapsing and a new one beginning when the vessel is at sea, beyond the knowledge and control 
of the owner as regards seaworthiness. The owner is thus protected until the end of that voyage, after 
which he is responsible for the seaworthiness for further voyages. 

Mr. lves calls attention to a matter of vital importance to the Society in the longitudinal loading of 
vessels. The worst vessels in this respect are those carrying iron-ore, and it seems almost impossible 
to get the captains to stow the cargo in the most judicious manner, in spite of the most stringent 
orders on the part of the owners. Seafaring people coniend that to place the amount of ore in the 
end holds required by calculations will make the vessel very “sluggish,” and in practice they simply 
will not do it. 

Such vessels are never loaded near the freeboard mark in winter, but, in spite of this, serious damage 
is sometimes occasioned, due to bad loading, a matter over which a classification society exercises no 
control. 

Another matter in which the Society is powerless is overloading, and while the law is rigidly enforced 
in the United Kingdom, such is hardly the case in all other countries. 

Another point of vital importance to seaworthiness is transverse stability, a matter in which the 
Society's advice is neither asked nor offered. Mr. Ives suggests that captains should be supplied with 
suitable diagrams and information, but the loading of the vessel is a question in which the captain 
usually takes but little interest, and should he be too energetic in the matter it would lead to endless 
friction with the agents and stevedores. 

The practice at present is to load the cargo either as it comes alongside or as may be most suitable 
for discharging at intermediate ports, and it is probable that this practice will continue, in spite of 
anything that may be done. 

Mr. Ives refers to a vessel having negative initial stability, but the other extreme is not much better, 
and vessels in the iron-ore trade, where all the cargo is carried on the tank top, have generally such 
a large metacentric height that serious leakage is often caused by racking, especially at the bilges. 
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Unseaworthiness has become very difficult to establish, and probably this difficulty will increase from 
year to year. The burden of proof lies on the underwriter ; the presumption of English law is that every 
vessel is held to be seaworthy until the contrary is proved. 


Mr. D. GemuMeEtn. 


Mr. Ives paper, under the heading of Deck Oargoes, has revived in my memory an interesting 
experience I had during my sea-going career. The author states that light wood goods such as deals 
and battens are not restricted as to position where they may be loaded as are the heavier wood goods. 

The case I relate would indicate the necessity for certain restrictions regarding light deck cargoes, 

The vessel was one of 3,640 tons gross. A cargo of deals was loaded at St. John, New Brunswick. 
The deck cargo was flush with the bridge deck and about 90 tons were stowed on the bridge deck itself. 
On leaving St. John, the vessel had a list to starboard of about 10° which continued until about 
200 miles from the coast of Ireland when a heavy gale was encountered, and the wind blowing on the 
port quarter, and the heavy rolling of the vessel to starboard shifted the cargo hard over to that side. 
Water accumulated in the bilges and could not be overcome, eventually reaching and entering the 
furnaces of the starboard boiler. The vessel then heeled over to an angle of 85° to starboard. 

The bilge injection being on the port side of the vessel, was useless, and only one 24 inch bore bilge 
suction served the starboard bilge which was common to engine and boiler rooms. 

The 90 tons of deals on the bridge deck were jettisoned, but this had little or no material effect on 
the stability of the vessel. 

The fore and after deck cargo had been secured by steel wires, stretched across the timber diagonally, 
and drawn tight by the winches which were entirely buried in the timber. ‘The usual large deals were 
erected vertically along the bulkwards. It will be quite readily seen that the timber on the fore and 
after decks could not be released and jettisoned. After several hours’ labouring under these conditions it 
was discovered that owing to the heavy list, an ash shoot on the ships side, situated in the bridge deck 
space, had become submerged, the water having free access to an adjacent small bunker hatch which was 
uncovered. The hatch was battened down and the water was then got under control. The vessel 
retained a list of somewhere in the region of 25° until docked at Glasgow. This was undoubtedly a case 
of unseaworthiness due to the improper stowage of the cargo. 


Mr. G. R. Epnear. 


Mr. Ives has provided a paper which I have found very informative, and one which sheds light on a 
complicated subject. 

It appears possible to divide seaworthiness into two parts: (1) the fitness for navigation of the 
vessel (this covering the fitness of the vessel and also her suitability for navigation for any or a particular 
voyage), and (2) such matters which are given rise to from a consideration of the cargo to be carried 
(these generally covered in the effect of the ship on the cargo and the cargo on the ship.) Both of these 
two items may be modified by any special conditions contained in the charter party or the bills of lading. 

Classification Rules cover a part only of these two divisions and this cover could be partially 
destroyed, either altogether or in respect of a particular cargo. 

When this, and the number of items which may produce unseaworthiness are considered, as for 
example lack of engine power, lack of stability, and not least of all, latent defects, it appears to me that 
such a thing as a seaworthy certificate of real value cannot exist, and if it could, the issuing of it would 
be impossible for practical reasons. Mr. Ives has made it clear that the interim certificate which we are 
from time to time called on to issue, is not a certificate of seaworthiness, and in view of the circum. 
stances under which it is issued, it is impossible that it should be. This being so, would it not be better 
if the invitation extended to fill in “ dry and perishable cargo” after ‘ being fit to carry’ were declined, 
as to do so with truth would necessitate an inquiry and examination impracticable to make. The 
recommendation for granting or continuance of the vessel’s class makes the position clear, or restores the 
status quo in the case of a casualty. Mr Ives appears sympathetic to this point of view but I would be 
glad of his opinion. 
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There is a paragraph, the second one, at the top of page 11 referring to the carriage of ice cargoes, 
and to the “exhausting of the dense moist vapoar.” I should be glad if Mr. Ives could explain this 
further, that is, how this is to be done. Does it not seem that with a cargo of this nature, the moisture 
from which apparently saturates the surrounding air. that condensation on the colder parts of the ships 
structure is practically non-preventable, that is by any simple means likely to be adupted. 

Mieht | trouble the author further regarding the Healey v. Pinkney 8.8. Coy. case on page 13. In 
this case was there any limitation to the meaning of the word “appliances,” as otherw.se it would seem to 
cover so many items as almost to free the crew from any neglect in their duty. 

The question of provision of stability is an involyed one, and sufficient stability under certain 
conditions assumed to be average ones can be easily rendered invalid by the loading of the vessel, and by 
many other points of seamanship having as a result that the assumed conditions are no longer obtained. 
As far as a Classification Society is concerned, the uncontrollable factors bulk very large compared with 
the controllable ones. The stability of a ship in a seaway has hardly been touched by all the literature on 
the subject. It scems, then, that the present position is the correct one, though of course the more 
knowledge of the matter possessed by those who have to handle ships, the better. 


Mr. E. W. BLocksIDGE. 


The introduction by Mr. Ives of a clear definition of classification and seaworthiness will clear the 
air of a common misunderstanding. ‘The responsibility of a Classification Society for the seaworthiness 
of a ship is limited only to the quality of material used and the workmanship in constructing the hull and 
machinery. 

The meaning of seaworthiness is clearly defined in the first paragraph on page 2 of the paper, viz. :— 
“A ship is deemed to be seaworthy when she is reasonably fit in all respects to encounter the ordinary 
perils of the seas of the adventure insured.” 

If one begins to analyse this statement, and carefully read the various attributes associated with 
seaworthiness referred to in detail by the author on page 3, it is obvious the responsibility of a classifica- 
tion Society for the seaworthy qualities of any ship is narrowed down to very small limits. 

The man in the street has always reg irded the issue of a Classification Certiticate as a proof that the 
ship is built and equipped in such a manner as to maintain the highest standard of seaworthiness ; even 
the issue of an interim certificate is commonly referred to by owners of ships and members of the 
Society's staff as a seaworthy certificate. The discrimination made between classification and sea- 
worthiness may, in reality, be only a quibble of words, but it is certain that the Classitication Cert ficate 
takes precedence for importance before any other certificate issued to the owners; it justly serves its 
purpose, and gives the underwriter what he needs—viz., the hall mark of structural efficiency. The 
Register provides him with all the essential particulars of the ship he is dealing with, but there are many 
other questions associated with insurance which can only be efficiently dealt with as a result of the 
varied experience of the underwriter, such as the different types of cargo and the facilities on board for 
dealing with the same, the qualifications of the master, the weather likely to be experienced during the 
voyage, and other perils which may affect the navigation of the ship. 

May I suggest that no person has the power to issue a seaworthy certificate, not even those who 
possess the backing of the law. The Board of Trade Surveyors do not possess the authority of the 
Department to issue a certificate of seaworthiness. 

The reference at the top of page 14 of the paper is liable to be misunderstood—viz. :-—“ The 
responsibility of the assigning anthority, which is generally the Classification Society, is limited to 
a homogenous cargo.” I would suggest there is no responsibility assumed, and if a freeboard assigning 
body should su. gest an alteration to the dimensions of a ship they immediately accept responsibility, and 
any action taken by the authority would not be in accordance with the terms of their appointment in the 
Merchant Shipping Act. 

The suggestion made by the author on top of page 6, that the freeboard regulations are lacking in 
certain essentials necessary to seaworthiness is open to criticism. The freeboard regulations are contined 
to that feature of seaworthiness which will ensure sufficient height of platform, and no vessel can load 
deeper than the freeboard limit, even should her strength be in excess of the standard laid down by the 
regulations without contravening the regulations. 
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In spite of all the protection given to a ship and the crew by legislation, it is obvious a great 
responsibility rests upon the master for maintaining his ship in an efficient condition of seaworthiness. 

The importance of the question of stability has not been overlooked by the Board of ‘Trade when 
examining officers for the position of master. 

In closing may I refer to the latest return issued by the Board of Trade on shipping casualties, 
published this year. For the 12 months ending 31st December, 1922, there were 61 serious casualties or 
losses of vessels above 1,600 tons gross, 8 of these were the result of error on the part of the master or 
crew, 29 were the result of the weather, 8 were due to defective machinery, 9 due to fire or explosion, and 
only 1 due to improper stowage of cargo. The return does not deal in detail with casualties to vessels of 
less than 1,600 tons gross, except of a minor character, and the particulars do not give any information 
which would assist one to judge of the seaworthiness of vessels engaged in the coasting trade. Of the 
vessels lost during the last three years no less than 46 per cent. were vessels exceeding 20 years of age. 

Our thanks are due to Mr. Ives for his paper, which will prove of great assistance to Surveyors, and 
will dispel from their minds the misunderstanding that has often existed as to the proper relationship 
between classification and seaworthiness. 


R. 8. JoHNson. 


The author is to be congratulated upon the choice of a subject for his paper and the excellent 
presentation he has given of a most intricate feature of the Shipping industry. 

In the case of the “ Turasyvoutos,” two of the charges made against the shipowner were absence of 
cleading on stokehold bulkhead and absence of cargo battens to protect the bags of onions. Should not 
the shipper have been held in some measure responsible ? 

On page 3 of the paper it is stated that seaworthiness under the Merchant Shipping Act implies that 
ships are “reasonably fit in all respects to encounter the perils of the sea,” and the author further 
remarks that ‘tas measured, seaworthiness is a variable expressing a relation between the state of the ship 
and the perils it has to meet in any situation. 

Under this interpretation, it is reasonable, as the author suggests, that subdivision should be included 
as an additional factor in the measurement of seaworthiness. 

The manner of its inclusion in the sense implied by the paper would, however, present many 
difficulties. 

Before acceptance of an insurance there would require to be an understanding between the parties 
concerned as to the extent of the safeguards provided to limit the damage which would be caused by the 
admission of water into the hull. 

For example, consider two vessels of the same dimensions, one carrying mainly cargo and few or ‘no 
passengers and the other carrying an appreciable number of passengers with a relatively small amount of 
cargo. 

F It is impossible, if the commercial utility of these two ships is to be maintained, to give to both the 
same standard of subdivision, and consequently in the event of flooding a hold, the first ship would sink 
while the other would remain afloat. Are both of these ships to be considered seaworthy ? They are both 
in all respects fit for navigation and the fulfilment of their normal service but encountering the same perils 
of the sea in equal degree one only is totally lost. 

To vary the insu ance premiums charged in the two cases would hardly be fair as it must be 
remembered that cargo type ships under about 430 feet in length cannot reasonably comply with even a 
one-compartiment standard of subdivision. 

Further, it may be observed that not only have classification societies no control over the 
subdivision arrangements, merely specifying the number of bulkheads which are to be fitted, but they 
permit conditionally the omission of bulkheads in special cases. 

It is desirable, however, that the bulkheads in all ships should be arranged to give the highest degree 
of safety consistent with the vessels intended employment. 

I should like to ask the author’s opinion of the following case, which concerns the inclusion of 
“propelling plant” in the definition of seaworthiness. 
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In the event of a ship proceeding to sea under part steam with consequent reduction in speed, and 
due to this lack of speed the ship suffered part or total loss, would the ship be considered unseaworthy 
and the owners be held responsible if a so-called seaworthy certificate had been granted to the ship ? 


Mr. A. G. AKESTER. 


In the course of this discussion I have listened in vain for reference to the relation of the propelling 
plant of a vessel to her seaworthiness. 

At the top of page 15 there is the statement; “... it is a matter entirely for the owner and builder 
to decide as to how much energy is necessary for the particular purpose for which a vessel is designed, but 
on such a decision depends to a great extent the future seaworthiness of the vessel.” From this I gather 
that the writer considers the question of engine power outside the scope of classification societies, and yet 
only the other day I noticed in one society’s rules the following sentence :—‘ Classification for a proposed 
service will be refused to vessels which are considered by the Committee to have insufficient power for 
the vessel's safety in that service.” 

Further, I would suggest, if I may, that this statement as to the responsibility for powering a vessel 
resting entirely on the owner and builder, while perhaps true in one sense, is yet hardly consistent with 
the statement on the top of page 3 of the paper, which says :—‘ The introduction of the voyage asa 
factor in seaworthiness shows that seaworthiness is not measured by an absolute standard ...,” for does 
not this indicate also that the powering of a vessel, at least up to a defined maximum, may vary both 
with voyage and circumstance, and is indeed at the command of the master in the same way as other 
items, su:h as loading of cargo, equipment. and so forth. ‘I'hus, whatever horsepower a vessel may be 
blessed with initially, the responsibility for its proper use surely rests upon the captain and engineers. 

The term “ dry and perishable cargo” has always appeared rather a curious one to me, and I am not 
sure that this expression has not grown out of date, and become less inclusive than it used to be. All 
cargoes are not dry, except perhaps in the sense that they are kept out of reach of seawater, and I should 
like to ask Mr. Ives whether cargoes, such as cer‘ain metallic concentrates, which I understand are 
slimly in appearance, or even, say, wine in bottles, would come under the category of “dry and 
perishable.” 


Mr. H. Dickerson. 


On page 2 of Mr. Ives’ paper is given an extract from The Merchant Shipping Act, clause 457, 
paragraph 1, of which is “If any person sends or attempts to send (or is a party thereto) a British ship 
to sea in such an unseaworthy state that the life of any person is likely to be thereby endangered, he shall 
be guilty of a misdemeanonr.” It would be interesting to know, in the event of a Surveyor issuing an 
interim certificate for a vessel in which a defect in part of the structure, which did not come under 
survey, endangered the life of some person, whether the Surveyor would be considered to be a party to 
sending the vessel to sea. 

Perhaps Mr. Ives will be good enough to let us have his opinion on this point, which I think is 
important, as in paragraph 2 of the clause referred to, before the master of the ship is guilty of a 
misdemeanour he must “knowingly” take the vessel to sea in an unseaworthy condition. 


Mr. W. Tuomson. 


The first impression received on reading Mr. Ives’ paper is that there are so many points relating to 
the seaworthiness of a vessel which are not considered when a surveyor issues a seaworthy certificate that 
this certificate has very little value. Further consideration, however, suggests that this impression 
is misleading, as a mere catalogue of qualities included and not included has no particular significance 
unless some regard is also paid to their relative importance. 

A classification or seaworthy certificate really does ensure that a ship possesses nearly all the attributes 
essential to a ship, stating as it does that the vessel is built of good materials of satisfactory scantlings, is 
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well constructed, is provided with proper means for closing all deck and other openings, and is titted with 
ceiling and sparring sufficient to meet the requirements of average cargoes. 

In several of the cases quoted by the saci the human element is certainly at fault, and no reflection 
can be cast on the vessel itself. If the person responsible loads the ship in such a manner as to bring 
undue stresses on the structure, or piles heavy cargo on the top of light goods in such a way as to damage 
the latter, no authority issuing a certificate can be held responsible. 

No certificate could ever be granted which would cover all the requirements mentioned by the author, 
and a seaworthy certificate as at present issued is of real value as a standard, although, of course, that is 
no reason why any practicable steps to increase its value should not be taken. 


THE PRESIDENT. 


When one considers the enormous number of surveys held annually by the Surveyors to Lloyd’s 
Register, and the various types of hulls and machinery on which these surveys are held, the percentage of 
vessels which get into difficulties, similar to those cited by the author, is very small. 

Regarding the statement on page 7 to the effect that the scantlings of propeller blades come within 
the responsibility of the classification society, this does appear reasonable, but even with the best 
designed propellers there is always the possibility of failure due to methods of manufacture over which the 
classification surveyor has no control. There are many points in connexion with the construction of both 
hull and machinery not definitely defined in the rules of the classification societies and upon which the 
surveying staff are frequently consulted, but if all the conclusions cited by the author were to be carried 
into effect, and the classification societies were held responsible for their being efficiently dealt with, it 
might lead to endless misunderstandings between the parties interested and certainly would form an 
additional responsibility to the surveyors who, as it is, are quite sufficiently burdened. In fact, the 
societies woud eventually be forced to increase the numbers of their staff, and also to charge fees 
commensurate with the additional work and liabilities. 

It would also be necessary to invest the classification societies with legal powers in order that they 
might be in a position to enforce the fulfillment of the added regulations. 

On page 11 it is suggested that the present system of ventilation of cargoes might be improved 
upon by exhausting dense moist vapour from the lower part of the hold. Perhaps the author would 
mention whether he has in mind any particular means or if he refers to circulation by motor-driven fans. 
Some refrigerated vessels are provided with the latter method of ventilation, but any mechanical ventila- 
tion would add cost to the carriage of the goods, and it would therefore appear to bring this matter 
directly into the province of the shipper. 

Reverting to page 4, the reference to Periodical Surveys of Refrigerating Machinery and Appliances 
might have been defined more clearly, as it would appear that only two surveys are held every six months, 
whereas in certain cases there are additional surveys required to be held, viz. :— 

A complete survey every six months. 

A modified survey about three months after the complete survey in cases of vessels engaged 
on voyages of three months duration or less. 

A loading port survey every voyage in the cases of vessels engaged on voyages of more than 
two months duration or, where the voyages are of shorter duration, at intervals of two months. 

I have to thank Mr. Ives for his very inieiesting paper, and also to congratulate him upon the 
reception which the members have given to his valuable contribution to the transactions of the Staff 
Association. 


CORRESPONDENCE. 


Mr. R. D. Cairns, 

I would like to thank Mr. Ives for his paper on Classification and Seaworthiness, which is a very 
valuable contribution to the Records of the Staff Association. 

Mr. Ives quotes some cases from the Courts in which very interesting decisions have been given. 
One recently given in the Admiralty Division, although not on Seaworthiness, is still worth quoting as 
hearing on the responsibility of owners and the allocation of overhead charges where damage and wear 
and tear repairs are being effected at the same time. 


Case of H.M.S. “Carro” and the s.s. “ CHEKIANG.” 


The President of the Admiralty Division laid down that an occasion forced upon a shipowner of 
repairing his ship, as the result of a collision caused by the fault of another ship, may be utilised by him 
to execute other repairs without rendering himself liable to bear any portion of the overhead charges. 

The Admiralty effected an overhaul to one of their vessels when it was in the process of repairing 
damage, caused by another ship which was held to be liable. The owners of the second ship claimed that 
the common oyerhead charges should be rateably allocated between the two parties. 

There was no occasion for the overhaul except that it was convenient. The President, however, took 
the view that, as the overhead charges were necessary for the repair, there was no case for rateable 
apportionment. 


Mr. A. W. Jackson. 


The author is to be congratulated on giving the Members of the Institution such a well thought out 
paper. 

From the Underwriting point of view classification is not so much a “protection” as an indication 
of the value of a risk, 7.¢., it is a barometer of chances which measure the worth and worthlessness of a 
boat as an insurable quantity. 

On consideration of clauses 33, 35, and 39, page 1, it would appear that the subtle difference 
between classification and seaworthiness is as follows: Classification in respect to the Marine Insurance 
Contract enables the parties to estimate the value of the risk run, whereas seaworthiness affects the 
contract after the bargain is struck. For voyage policies it cancels them from inception, but for time 
policies it does not cancel, but the Underwriters are not liable for damage, expense, or loss directly arising 
therefrom. 

Regarding “ Norwegian Freeboards,” on page 6, as the freeboard markings above and below the centre 
of disc are consequent upon the position of the centre of disc, I should be glad if the author could say what 
would be their relation when the maximum loading was B1 (as quoted on top of page 7), and of what 
use the centre of disc would he on the vessel’s side, if she could not load to it even In summer. 

Although vessels conveying cargoes may be of the highest class and every precaution be taken to 
ensure the cargoes being carried without damage, the question might be asked whether it would be 
possible to classify lighters and that heterogeneous mass of hulks (very often quite unfit) which load and 
unload these undamaged cargoes. 


Dr. A. PickworTH. 

Mr. Ives has produced an extremely interesting paper which I have found instructive and I wish to 
thank the author for his concise presentation of the subject. 

Perhaps the members of the Staff Association will agree that of all the duties which surveyors have 
to perform the issuing of a seaworthy certificate has frequently appeared to carry with it the greatest 
amount of responsibility, so that the definition of an interim certificate which Mr. Ives gives on page 15, 
paragraph 8, is reassuring. 

The cases cited of damage due to excessive sweating of cargo owing to insufficient ventilation will 
tend to make us even more careful to insure that the ventilator cowls as well as the coamings are efficient, 
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although we shall never be sure that they are not removed and the covers fitted between surveys, irrespec- 
tive of weather conditions. 

The extract from the law case in connection with the ‘“Guri Maru,” page 7, is especially interesting 
as, in the author’s opinion, it appears the classification societies should assume responsibility for the 
scantlings and strength of propeller blades. 

Another case, which to me is more bewildering than law cases frequently are, is that of s.s. 
“ Thrasyvoulos ” (see page 10), and I feel that if others do not share my view the owners of the vessel 
certainly will. 


Mr. Bennett. 


I have read Mr. Ives’ paper on “ Classification and Seaworthiness”’ with very much interest. 

On the general topic of ** seaworthiness,” particularly from the view point of the surveyors abroad, I 
think Mr. Ives might have referred to the term as applied to unclassed vessels. The instructions issued 
on this subject are contained in Circular No. 593, and while it is there explicitly stated that in the case 
of unclassed vessels coming under survey, the surveyor is not to add that the vessel is fit to carry dry and 
perishable cargoes, or use any other words which could be considered tantamount to certifying to the 
vessel’s seaworthiness, or granting a certificate of classification ; it is, however, stated in the next para- 
graph that surveyors are at liberty, in the case of any vessel which puts into port for repairs and is repaired 
either permanently or temporarily under his inspection, to state whether or not the vessel is, in his opinion, 
fit to prosecute her voyage to the port to which she was bound. 

This is unquestionably a point on which some misunderstanding might exist. Unclassed vessels 
frequently are given certificates to proceed from one port to another either after, or prior to, repairs 
having been made on same, and even although the term “seaworthy” is omitted from the report or 
certificate, if the vessel is stated by the surveyor to be, in his opinion, able to put to sea and prosecute her 
contemplated voyage, will this not appear from the standpoint of the individuals concerned as certifying 
that the vessel for the voyage is seaworthy and, in fact, do they not look upon his report as tantamount to 
a seaworthy certificate ? That was the substance of the question put and I should like to have Mr. Ives’ 
views on this, as it is one on which he is able to inform us. 


ri Mr. G. Dyxkes. 


Mr. Ives has been so good as to undertake the trouble of giving an extract as to how seaworthiness 
applies in the meaning of the Merchant Shipping Act and insurance policies, and also a few examples of 
important legal decisions with regard thereto. 

As the word seaworthiness is in structural, technical, legal, and commercial interpretation so far 
reaching in the case of a vessel under consideration, its use, particularly in writing, should be, as far as 
possible, avoided. 

In 1912 the owner of a new vessel registered at Apenrade, brought to my notice the case of one of 
his vessels, which was considered by the Law Court in New York to have been unseaworthy on account 
of no rose boxes being fitted to the bilge suction pipes of the after hold. This vessel was chartered to 
carry raw sugar in bags from Cuba to New York, and during the discharging of the cargo, water was 
found in the after hold to the height of tunnel top. After discharging a leakage was found at the bilge, 
no rose boxes fitted to bilge suction pipes, and the pipe ends found choked. Had rose boxes been fitted, 
the piping would not have got choked, so that damage to cargo could have been avoided, and as the 
fitting of rose boxes was a requirement of the classification society’s rules, the vessel] was not considered 
seaworthy when she undertook the voyage. It has always appeared to me that the instruction embodied 
in Surveyor’s Warrant of Appointment, par. 20, “surveyors are on no account whatever to grant...... 
certificates of seaworthiness,” as a very wise and far sighted instruction. 

When a surveyor has issued a certificate which is generally understood to be a certificate of 
seaworthiness in the meaning of the vessel’s classification, he must be very careful, when giving evidence, 
to avoid using the word seaworthiness, as this is liable to other interpretations than those iniended. 

I recently appeared as a witness in a case and was asked, “ Did you issue a certificate of seaworthiness ?” 
to which I replied, “I issued a certificate which contained the words, ‘‘he vessel was fit to carry dry and 
perishable cargoes,’ leaving it to the discretion of the court to give this certificate a name. 
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Mr. A. CAMPBELL. 


This paper by Mr. Ives is of great interest to surveyors generally, and explains some of the intricate 
problems connected with the surveying of ships and machinery. 

With regard to the paragraph, page 15, on engine power necessary for seaworthiness, insufficient 
power and over power are tio terms whicli require to be qualitied, because a vessel on a particular trade 
may not have sufficient speed to make her seaworthy. On the other hand, if she has too much speed, it 
can easily be reduced. 

When the shipowner contracts for a vessel he usually has some trade in view requiring a certain 
speed of vessel, the machinery is designed to drive the vessel at the gers speed, and if straining of the 
bottom takes place it is certainly not because she is over powered, but because of weak ship structure, 
either by faulty design or inferior workmanship. Of course there are exceptional circumstances, such as 
driving into a strong head sea, when it is not uncommon to get some of the bottom shell plates at the fore 
end indented and rivets started. In this case the vessel is not over powered, but badly handled. 

With regard to the next paragraph, page 15, the suggestion to give the master of the vessel diagrams 
of stress and stability is quite a good one, but I doubt if it would lead to any alteration of loading, as it is 
not always possible to arrange the cargoes in the manner of correct loading. 

With regard to the following paragraph, when a surveyor is asked for an interim certificate cr 
seaworthy certificate, it is usually on account of a damage to some part of the vessel which can be seen, 
and the damage dealt with, so as to make that particular part seaworthy, and the certificate does not 
necessarily refer to the whole vessel. 

I think that the most difficult case in which a seaworthy certificate has to be issued, is when a fully 
loaded vessel has grounded and refioated with no chance of being dry docked; the surveyor must satisfy 
himself, by sounding the tanks and bilges periodically, by examination of the E. & B, space, or any other 
space it is possible to get into, Even if everything seems satisfactory, there is still a risk, as a length of 
bilge keel bar and shell bar may be torn off, leaving the broken rivets in the shell plates, which, with 
subsequent heavy weather, might drop out and start a serious leak. 


Mr. G. L. Lyte. 


We are indebied to Mr. Ives for his most valuable and interesting paper; it is a subject not 
frequently dealt with and shows very clearly the relationship classification has with seaworthiness. 

With reference to the last paragraph under the heading ‘ British Freeboard,” page 6, one is inclined 
to think that the attention given to it in actual practice is not sufficiently rigid. Many of us are aware 
that there is a number of vessels trading which in no way can be compared with the large majority of 
ships ; they are ill-kept and their scantlings in many parts suffer much from wastage and anno domini, 
but their insurance rates are no higher than other vessels and they carry their cargoes on similar articles 
to those of well conditioned and well found ships, from which it would appear that due and sufficient 
consideration is not given when underwriting such vessels and their cargoes. 

Another point which might be raised is, in some instances when vessels (I refer to those getting on 
in years) for reasons which are frequently obvious, are transferred from one classification society to 
another. It would be quite feasible if underwriters made enquiries why such transfers had taken place, 
and though this might seem interference with the liberty of the shipowner I am of opinion that the bulk 
of shipowners would welcome such a step for it would give vessels of good condition their proper standing 
in relation to many time worn, die hard vessels, and allow of fixing lower premiums on the good 
conditioned ones, thereby giving some compensation to their owners for the expense in keeping their fleets 
in an efficient and good condition. 

Cargo battens are dealt with in the paper; their importance is frequently overlooked. Daring the 
discharging of a cargo, it isa common practice of the cargo workers to remove them from position to 
make gangways or platforms. The removed battens usually disappear, and in some trades at the present 
time renewal of cargo battens is a considerable item of expense to owners. I k:now of cases recently where 
considerable quantities of cargo battens have been renewed each voyage, due to pilfering or other causes, 
but in many cases the removed battens are not replaced until some damage occurs and a claim is made. 
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In the author’s concluding remarks, page 15, paragraph 7, “there seems to be no reason why 
specialists should not see a vessel loaded, etc., etc.,” it causes one to think there is no reason why classifi- 
cation society’s services should not be used to a greater extent than they are at present, one example being 
the work at the different ports on belialf of the underwriters with reference to hull, machinery and cargo. 


Mr. C. C. PLunKeEt. 


[ notice in Mr. B. J. Ives paper that he refers, on page eleven under the heading of “ Dunnage,” to 
the accumulation of sweat found on hold stringers, and suggests that provision should be made to allow 
this sweat to find its way to the bilges. 

It may help to bear out the importance of Mr. Ives suggestion, that in my experience of surveying 
stowage, etc., of cargoes, particularly from eastern ports, I have been surprised at the amount of water that 
can accumulate on a stringer, so much so that it has flowed over quite a deep angle on to cargo stowed 
undernath the stringer, and at times I have looked for defective rivets or butt, but there was no doubt 
the trouble was due to excessive sweating set up by the nature of the cargo, bone dust, etc. 

As liability for damage caused by sweat is usually excluded from Bills of Lading Policies, the shipper 
and/or consignee has to bear the loss. I feel sure that if Mr. Ives’ idea can be carried out it would be 
welcomed by all concerned. Of course, in insulated holds, the provision for carrying off sweat would not 
in my opinion be required. 


Mr. C. Hastir. 


Some years ago a counsellor at law remarked that the law be it so, is the law, but the interpretation 
of same under varying circumstances is indeed a different event, often peculiar and known to contradict 
itself. 

‘lhe cases of the s.s. ““GRELWEN” and ss. “OcEANIC”’ relating to stowage of cargo afford comparison, 
and in respect to the latter it may just have happened that the lawyers for the owners were less convincing 
and not so effective in their pleading as those of their contemporaries, in so much that the disposition of 
the cargo and the assertions made respecting same prior to the vessel sailing rendered her, according to 
law, wuseaworthy. 

My thanks are extended to Mr. Ives, and I would very much appreciate him giving an opinion in 
regard to the following familiar occurrence, as it will be of interest to many others. 

An unclassed vessel of good repute, equipped, well stowed, etc., and having been properly vouched 
for as such at port of embarkation, has practically finished a successful voyage when unfortunately she 
grounds. ‘The surveyor has been approached with view to survey in respect of a seaworthy certificate for 
the purpose of continuance of voyage, as is general in such instances. Prudence is duly exercised, 
information carefully and particularly acquired, a skilled diver makes examination 1eporting no apparent 
damage sustained and under due consideration detention of the vessel is found unnecessary. Bearing in 
mind the innumerable exigencies constituting ‘*seaworthiness,”’ if in honesty of practical opinion it can be 
stated that ‘the vessel is eligible to put to sea for the purpose of further prosecuting her voyage,” is she 
not circumstantially also ‘‘ seaworthy.” 


REPLY BY THE AUTHOR. 


Seaworthiness is a function of the relation between the condition of the ship, the work it has to 
perform and the perils it is liable to meet in the course of its duty. The warranty of seaworthiness is an 
absolute one ; it may be expressed or implied, but there are degrees of seaworthiness: when expressed it 
is definite, when not expressed it may be held by interpretation of the law to be implied. 

For the purpose of bringing out the above definition of seaworthiness the British acts were quoted. 
Mr. Watt points out clearly that the fact remains that in the consideration of seaworthiness a vessel may 
be seaworthy according to the standard of one nation, and not seaworthy by the standard of another ; for 
example, a United States vessel, through the absence of any freeboard regulations in U.S.A., may load 
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deeper than a vessel of a country possessing regulations, and yet such a ship would presumably be 
considered seaworthy. 

I am sorry Mr. Watt has misunderstood my criticism of his able paper on ‘The Freeboard and 
Stability of Shelter Deck Vessels,” and would like again to emphasise my point of view that while a 
ininimum standard of strength is desirable, its publication is not necessarily beneficial to the interests of 
British shipping in the absence of international agreement of such standard. 

The method of describing decks in the Register Book has undergone a change with the introduction 
of the revised rules, and while not necessarily agreeing with Mr. Watt, it is an open question whether it 
would not be wise in the cases of vessels having complete superstructures with tonnage openings in same 
for a descriptive entry to be made of “ tonnage opening fitted.” As pointed out by Mr. Townshend, it is 
extremely difficult from the Register Book to know the character of an erection, and, in the cases of open 
bridges and poops, impossible. 

Fears have been expressed by some members that among the causes of the losses of ships may be the 
methods of constructing and closing hatchways. There is little doubt that the improvements that have 
taken place in recent years in new vessels are due in great measure to the recommendations of the 1913-15 
Load Line Committee. When examining these parts of a vessel, the fact that for so many years the 
hatchways have successfully done their work cannot be overlooked, as at any rate during that time, they 
have proved themselves satisfactory and therefore seaworthy. In such circumstances it will be readily 
seen how difficult the task of the surveyor is. 

In considering the question of stability and the suggestion as to the furnishing of data to enable a 
captain to have guidance in the handling of his ship, I should like to remark that there is no reference 
to water ballast in clause 10 of the Freeboard Tables although the use of water for ballasting purposes 
had become quite common when the Tables were framed. It would surely be a wide interpretation of the 
clause that a vessel’s capacity for water ballast had to be taken into consideration when assigning 
freeboard. While clause 10 brings into the question homogeneousness of cargo and also the relation 
between breadth and depth of a vessel, it states clearly that where this relation is not such as to ensure safety, 
the freeboard is to be increased or other means are to be adopted. The effect of an increase of freeboard in 
regard to the dynamical stability and its equivalent in terms of breadth of ship was gone into in papers 
read before the Institution of Naval Architects about the time the Freeboard Tables were introduced and 
needs no further explanation here. Other means that can be adopted are evidently the supply of water 
ballast and stowage of cargo—obviously a matter in the control of the personnel associated with the ship. 

While the factors to be taken into consideration to secure the attributes of seaworthiness are clearly 
set out in the paper, the conclusions arrived at are quite general. The paper only deals generally with 
particular phases of the problem, but the discussion has tended to concentrate on stability and stowage. 
In general terms, in the handling of vessels, improper loading in which the centre of gravity is too high is 
not so serious a matter to the community as improper stowage through ignorance or lack of care, An 
examination of actual cases of vessels which have shown signs of strain with heterogeneous cargoes 
clearly brings out that the stresses set up in a structure due to unwise stowage are infinitely greater than 
would be the case were the total load increased, but differently distributed. The inclining of vessels is 
done in the majority of cases, and it would certainly be wise that this should be done in all vessels of 
new type. The evolution of type steamers is a slow matter, and obviously the fact that many tramp 
vessels, practically sister ships to one another in design, have proved themselves in service eminently 
stable is, in itself, sufficient proof that it is not necessary to test all ships for stability. 

As pointed out by Sir Westcott Abell, the International Shipping Conference, when dealing with the 
question of deck cargoes (in which, of course, the question of stability is of still greater importance), 
include in their suggestions :— 

STOWAGE OF CARGOES. 

“The master of the ship is responsible . . . . that the stowage of the cargo and the 
amount of ballast is such as to ensure sufficient stability, having due regard to the weight and 
height of deck cargo carried.” . 

“After a deck cargo of wood goods has been loaded the ship must not have a list.’ 

“The master of a ship is responsible that the deck cargo is so stowed and supported that the 
deck is not ‘unduly strained,’ ~ 


22 


So far as stowage of deck cargoes is concerned this meets the case, and a very little alteration of 
wording would meet the case to cover stowage and stability in regard to ordinary cargoes. 


The simplest, and perhaps the most effective, manner in which the master can obtain the requisite 
experience of a particular vessel, is by actual service with such vessel, and, only in a general sense, would 
education in the science of naval architecture appreciably help those responsible for the loading. Stress 
diagrams, which depend upon so many assumptions, constitute very delicate information, which, placed in 
the hands of those possibly not able to understand thoroughly such matters, might operate against instead 
of for safety. 

The alteration made in the rule in January last by which a shipowner was no longer bound to 
make his ship absolutely seaworthy but only bound to use due diligence to make his ship seaworthy, 
bears out the contention that the trend of legislation is to remove some of the responsibility from the 
master and place it on the owner, and I would have preferred some qualification in the reading of the 
legal requirements as to the master’s responsibility that sufficient stability is provided; cases are on 
record where some of the legal requirements, which obviously were within the owners’ knowledge, have 
not been fulfilled, and the shipowner, or the managers of the vessel, have sustained heavy penalties. 


While the Board of Trade have power to detain an unsafe ship and refuse clearance, and also if 
they have reason to believe, on complaint, or otherwise, that a British ship is unsafe, to detain her 
provisionally to enable a survey to be held, yet the Act provides that, in case it is eventually found that 
there is not reasonable cause, the Board of Trade shall be liable to reimburse the owner any costs 
incidental to the detention and survey of the ship and also to compensate him for loss, The care which 
is necessarily taken before detaining a vessel is therefore very great. 


To attempt to lay down regulations ensuring seaworthiness in all conditions and circumstances is to 
attempt the impossible—with the definition of seaworthiness in front of us given in the paper one can 
attempt to foresee the necessities—and one can therefore fully appreciate the position of the consulting 
engineer, which will be accentuated when the personnel on board a vessel do not take the interest in the 
question they should. 

As pointed out by Mr. Mayne, the certificates issued by the Society's Surveyors are, for very sound 
reasons, regarded by agents and masters of vessels as certificates of seaworthiness. In my opinion there 
are no more competent persons existing than the Society’s officers for this purpose, but as the word 
“Seaworthiness” does not appear on those certificates, the reasons for which have been clearly pointed 
out in the paper, it would, in my opinion, be well for our Surveyors who may be working so far away 
from a central base to take extreme care not to use such words in their certificates. 

Mr. Hodgson pointed out that the certificate issued in the case of unclassed ships is the easiest, and 
I agree with him fully. In the hundreds of cases referred to by Mr. Mayne certificates on unclassed 
ships were not unknown, and, as Mr. Bennett appears to meet such cases often in the United States, the 
certificate could be limited to refer to the particular /ocal damage, the wording of the certificate being 
such as to point out clearly that no responsibility was taken for the structure as a whole, it being obvious 
that in cases where neither our Society nor the surveyor holding the survey on an unclassed ship know 
anything about the structure of a ship, the wording of the certificate must be such that in no 
circumstances can it be construed as being tantamount to a certificate of classification. 


In regard to Mr. Bennett’s other point, which is also taken up by Mr. Hastie, the reason why no 
exception is taken to a surveyor giving a certificate to allow an unclassed vessel to proceed to another 
port is because there may be no facilities existing for repair at the port at which the survey is held, or 
because a surveyor, after examining the case, is of opinion that in the interests of all concerned (in 
which the cargo would also have to be considered), it would be best that the vessel proceeds. As, 
however, such ship is unclassed, obviously any certificate he gives should be in such form as to minimise 
his responsibility or that of the classification society he represents. I am afraid certificates given as 
suggested by Mr. Bennett would, in the event of further losses being sustained, tend to clear the owner 
of his responsibility, both in point of his Underwriters and of the Underwriters of the cargo, that they 
would be looked on by commercial circles as being tantamount to certificates of seaworthiness. In these 
circumstances it should be carefully realised what an immense responsibility is taken by the surveyor on 
whom, should anything untoward occur, the responsibility would mainly rest. 
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The difference existing between an interim certificate of classification and a certificate for 
refrigerated cargoes—the RMC—has been dealt with so clearly by Mr. Ruck-Keene and Mr. Carnaghan 
that no further remarks are necessary for me to make this clear. 

In regard to Mr. Townshend’s remarks as to the carriage of goods in tonnage exempted spaces, one 
of our leading shipping companies makes no difference in their handling of goods because of this. 
Because of the character of the space, goods will be from time to time damaged, but they pay all claims 
for damage in such spaces, as probably to attempt to get Underwriters to insure them would make this 
carriage unremunerative. 

In the loading and stowage of the cargo in the “ THRrasyvouLos,” the normal damage which might 
be anticipated with a cargo of this nature was estimated at 1 per cent.; the total claim amounted to 
about £18,000, and, in substance, the charge of unseaworthiness was upheld, the worst of the damage 
being in the holds where an excessive amount of trampling had taken place in the course of the loading 
of the cargo, thus indicating, that notwithstanding the very complete exception clauses inserted in the 
bill of lading, the obligation resting on the owners in regard to seaworthiness for the particular voyage 
had not been complied with. 

Clause 39 (5) differs, as pointed out by Mr. Gearing, in regard to the implied warranty; a rider has 
been added to this clause, as otherwise it would afford protection to anyone sending a vessel to sea in an 
unfit condition (see page 3, Policies of Insurance.) 

The puzzles presented by Mr. Johnson and Mr. Akester as to the power required, or to a vessel 
proceeding to sea under part steam and becoming a total or practical loss, can only be judged in the light 
of the definition of seaworthiness quoted in the paper, viz., that a vessel must be reasonably fit in all 
respects to encounter, not only the perils of the sea, but also to carry the particular cargo for the voyage. 
For a solution of the point raised it would probably be necessary to repair to the Law Courts. 

Mr. Edgar is desirous that the exact import of the words “being fit to carry dry and perishable 
cargoes” be defined. These words are only used in certificates dealing with classed vessels, and it may 
be concluded therefore that this form of certificate is issued as part of the Committee’s responsibilities 
undertaken when they assign classification to a ship. 

A further point Mr. Edgar raises is in regard to the ventilation of rice cargoes, and while 
condensation on the colder parts of the ship’s structure is to a large extent unavoidable. its effects in the 
depreciation of cargo carried could be greatly alleviated were a system of mechanical ventilation fitted 
running to the lower parts of holds in a somewhat similar manner (but for a different purpose) to the 
heating coils placed in the bottom of oil tanks. 

In the other case in regard to which Mr. Edgar asks information, if a vessel has the proper 
appliances. and they are not used by the equipment, then it would be a case of discipline against the 
crew, but the vessel’s seaworthiness, at any rate in its legal aspect, is not impaired. 

A question of interest has been raised in regard to the upkeep of the ships in relation to 
change of ownership as it may be affected by indents in plating. Slight indents of plating which do not 
affect the vessel’s efficiency are obviously matters which hardly fall to be considered under the heading of 
seaworthiness. 

The extraordinary interest aroused by this paper has been sufficient grounds for its presentation. It 
is obviously a paper traversing the work of the surveyors at all points, and while it cannot be considered 
otherwise than in the light of a general survey of our work, | feel that concentrating our ideas as to what 
is embraced in our ordinary work can only be helpful. 


ICE NAVIGATION AND DAMAGE IN THE BALTIC. 


By H. J. THOMSON. 


READ 7TH JANUARY, 1925. 


The dangers to which vessels sailing the seas are exposed are many and varied, and among the perils 
which cause serious damage, and in many cases the loss of ships, that of “Ice Navigation” takes a 
prominent place. 

As the Society has now adopted rules for the strengthening of vessels navigating in ice, it is thought 
that it would be a matter of interest to consider this question as applied to vessels trading to the Baltic, 
which for this purpose will be held to include not only the Baltic and its adjacent seas but also the 
Cattegat. 

This subject, while familiar to surveyors serving in the frozen north, may not be without interest to 
those keeping the flag flying in sunnier climes. 

It may be roughly said that the Baltic Sea lies due north and south and extends from 53° latitude in 
the south to 66° at the northern end of the Gulf of Bothnia, or from say the latitude-of Hull right up to 
the edge of the Arctic Circle; a distance of about 850 miles. 

To illustrate the subject an outline map of the various seas is shown in Fig. 1. 

The countries bordering the Baltic have enormous natural resources and are covered with immense 
forests of valuable trees, besides containing vast deposits of the finest iron ore in the world. 

One of the greatest problems which has confronted the Baltic lands from the dawn of history has 
been that of keeping up communication with neighbouring countries during the season when tlie sea was 
not ice free. Postal communication in winter was maintained by means of horses or ice boats over the 
ice, but this was exceedingly precarious, for a violent storm was liable to cause rents in the ice or to form 
ice barriers. 

The advent of the steam engine and iron ships, however, opened up a new era for these countries, 
which are now able to maintain unbroken contact with each other, and also with foreign countries all the 
year round. 

The question of sea transport in the Baltic is much more important now than before the war, when 
Russia was the chief customer of the smaller Baltic states and large quantities of goods were carried over 
the land frontier, and the necessity of finding new markets overseas has largely altered the shipping 
conditions. 

It may not be out of place to define shortly what is meant by “Ice Navigation.” If a vessel is 
destined to a port which there is every reason to believe is ice free, but on arrival finds that there is plain 
sheet ice, say an inch thick, through which she must force her way and where the only effect is to fi 93 
off a little paint, this cannot be considered navigating in ice in the sense which is understood by the 
expression in the Baltic. Ice navigation means trading to a port which is known to be regularly ice 
bound, such as Stockholm, Abo, or Reval, and where it is expected that the vessel will require to use her 
a. pe and power to force her way through the ice, and may very likely require the assistance of an 
ice-breaker. 


ICE FORMATION IN THE BALTIC. 


It may be of interest to describe briefly the formation, distribution and extent of the ice to be met 
with in the Baltic. 

In general, it may be said that the climate is made up of a long and severe winter and a short but 
very hot summer, the temperature of the sea in summer being very high. In the autumn the temperature 
of the air drops considerably but very little frost is experienced, with the result that when the winter sets 
in the sea still retains a large amount of heat. When the frost arrives the surface of the water is cooled 
down and the upper layers becoming heavier sink down to be replaced by warmer water from below. ‘The 
chilled water sinks down until it meets the salt water belt, which, in the Cattegat, is at about five metres 
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below the surface, with which it does not mix. When the whole of the surface water is chilled, i.e., when 
the temperature is about zero to a depth of five metres, there is a grave danger of ice forming. In the 
Baltic proper the position is rather different as there is very little salt in the water, so that the whole of 
the water must be cooled down before ice will form. 

This fact is of enormous importance to vessels trading to the Baltic, as navigation can safely be 
carried on during the early winter even if the air temperature is considerably below zero. On the other 
hand, the very greatest, care is necessary later in the season, for even in a single night sufficient ice may 


‘form to cause vessels to be ice-blockaded, sometimes for the whole winter. As an example, it might be 


mentioned that on one occasion, a few years ago, in the port of Sundsvall, no fewer than 30 vessels were 
ice-blockaded, and were only ultimately released after a great deal of trouble and expense. In such a 
ace as Sundsvall it is by no means uncommon for as much as three inches of ice to form in a single 
night. 

The actual forming of the ice in the Baltic may be described as follows :— 

About the middle of December the harbours at the northern end of the Gulf of Bothnia become frozen 
up after which the ice gradually extends southwards right down to the Baltic Sea, At the same time the 
eastern end of the Gulf of Finland freezes up and the ice gradually extends westwards till it reaches the 
neighbourhood of Hangé where it meets the ice from the Gulf of Bothnia, and the two combining gradually 
spread over the Baltic which in very severe winters may be nearly frozen over. See attached map ig. 1. 

The ice conditions may perhaps be best understood by describing the length of time that the various 
harbours are closed every year due to this cause. In Sweden, where there are nothing beyond powerful 
ice-breakers for local purposes, Haparanda at the head of the Gulf of Bothnia is closed on the average 
about 142 days every year, while coming south Skellefted is closed 131 days, Hernésand 76, Sundsvall 73, 
and Gefle 51. 

In the Cattegat the conditions are quite different on account of the influence of the Gulf Stream and 
it is only in very severe winters that it becomes frozen over, but sometimes the ice there is so thick that it 
is possible to cross over Oresund from Denmark to Sweden. 

The freezing of the Cattegat is, however, a matter of considerable importance to vessels trading to 
Gothenburg and Copenhagen, and to illustrate the serious nature of this obstacle to shipping it might be 
mentioned that during the winter 1921-2 it was possible from a point outside Gothenburg to count 100 
vessels fast in the ice, many of them having been there for several weeks. 

This delay is a very serious matter for shipowners and it may be of interest to quote a typical case 
which occurred last spring. The steamer “Start” left Grangemouth with a cargo of coal for Oscarshamn 
about the middle of February, a voyage which should take under normal conditions about 4 to 5 days. When 
the vessel sailed there was no reason to anticipate any special difficulties, but. owing to the wind veering 
round to the north Oresund became heaped up with ice and the vessel became ice bound off Falsterbo, and 
ultimately arrived at Oscarshamn after a passage of 37 days, only to be laid up in dock for ice repairs for 
another fortnight, the voyage thus taking about ten times the usual time. 

The nature of the ice met with is particularly variable as will be seen from an examination of the 
accompanying photographs which show typical scenes from various parts of the Baltic. It can be plain 
sheet ice, ice sludge, drift ice, or pack ice, the two latter being shown in Fig. 3 and 4 respectively, and in 
the worst cases consists of pack ice barriers, formed by ice blocks being thrown up on each other, which in 
their turn may be frozen together to form miniature ice bergs. 

The ice first forms round the coasts and gradually extends out to sea. When, however, a storm arises 
this ice becomes broken up and floats out to sea and after this has happened a few times there are vast 
masses of ice floating about with the result that, when a strong wind sets in a particular direction for a few 
days or if the ice comes in the way of a strong current, the ice becomes piled up block on block near the 
coast or in a confined strait such as Oresund, the Danish Belts or Alands sea. A strong wind will also 
break up the ice furthest out to sea and pile it up on the ice nearer the shore. This is usually referred to 
as “ Ice screwing”. 

If a ship is unfortunate enough to be caught in such a place as shown in Fig. 4 it will be realised 
that she is in very great danger and may very likely require to be cut out by an ice breaker. 

The breaking up of the ice in spring is shown in Fig. 5 which represents conditions offering a pretty 
difficult nut for a ship to crack. 

The greatest shipping difficulties are, of course, experienced where the waters are comparatively 
confined, and the chief points are the Sea of Aland, Oresund, the Danish Belts and the numerous 
Skirgards that surround the Swedish and Finnish coasts. 
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The Governments of the Baltic States are fully alive to the importance of this question of ice 
navigation and have established stations at various points for observation purposes, which make a careful 
study of the ice conditions every year and also attempt to forecast the probable conditions. There appear 
to be many reasons for thinking that severe winters are subject to a certain periodicity. All the Baltic 
States have an agreement to interchange such information, which is collected by a central office in each 
country and is there sorted out. ‘ mal : 

How the information is collated is well illustrated by Fig. 2 which shows the ice conditions in the 
Cattegat on two dates about a week apart, and also shows the enormous effect of the wind on the ice 
conditions. 

The first reports are received during the last days of October and the last about the end of May. 

These stations issue statements daily regarding the ice conditions generally and needless to say the 
introduction of wireless telegraphy in ships plays a great role in this matter. In order to be intelligible to 
ships of all nations the information is “wirelessed” in the English language. ; : : 

Statements concerning the ice conditions are also issued by a number of semi-official bodies such, for 
instance, as the Baltic and White Sea Conference. 


A typical abridged form of report is as follows :— 


Vasa.—lIce beginning to form. Navigation for steamers unhindered. 

GEFLE.—Port closed for season. ; rm 
VrAna6.—Partly drift ice and partly loose ice sludge. Shipping difficult for sailing vessels, 
Hatmstap.—Ice free in Cattegat but heavy ice near coast. Channel kept open. 
KaLMAR.—Heavy drift ice in Kalmar Sound. Shipping only possible for powerful steamers. 
GOTHENBURG.— Ice free to sea. 


PROVISION OF ICE-BREAKERS. 


Navigation in ice for vessels of ordinary horse power is only possible under certain favourable 
conditions which it may be of interest to discuss briefly. P ’ 

It is only possible for a vessel with her own power to force her way through ice sludge or plain sheet 
ice of very moderate thickness. Within recent years, however, the number and power of the ice-breakers 
in service in the Baltic has been such that it may safely be stated that most of the harbours in the Baltic 
can now be forced. ery: 

It is not intended to enter into a discussion regarding the technical features of a Baltic ice-breaker, 
but it might be mentioned in passing that very little research work has been done in connection with the 
design of these vessels, and while the present vessels are fairly satisfactory there is undoubtedly a wide field 
for investigation regarding certain features of the vessels. , d 

The part about which the great divergence of opinion centres is the forward end and the chief points 
are the angle of attack, the form of the water line forward, and whether or not a forward propeller should 
be fitted. The precise function and value of a forward propeller are not known although countless 
explanations have been put forward. Opinions vary greatly regarding the correct fore and aft position 
of the propeller and also the percentage of the total power which should be allocated to it. The Finns 
may be said to be the great advocates of the forward propeller and their vessels are certainly very efficient, 
but whether it is due to this cause or not is hard to determine, ; 

An ice-breaker of high power is of immense value to shipping, but it cannot be too strongly 
emphasized that the usefulness of an ice-breaker is limited by certain well known considerations. It is 
very necessary for the ice-breaker to be much broader than the vessels to use the channel and the 
difficulties which arise are shown in Fig. 6, where it will be seen that the channel is filled up with broken 
ice, and in the case of a vessel of full form forward the result is that the vessel instead of cleaving through 
the ice merely pushes it ahead and in a short time cannot make any progress and the ice-breaker must 
return and again open up the channel. Where there is a strong current unless the vessel follows closely 
after the ice-breaker the channel at once closes in again. : , 

In the case of heavy pack ice which is screwing badly it is quite impossible for an ordinarv vessel to 
follow an ice-breaker, and in such cases the ice-breaker must tow the vessel, but in many cases even this is 
not possible. : 

The usual practice in such towing in pack ice is for the vessel to be hauled as close as possible to the 
ice-breaker so that the action of the propeller clears a sufficient space for the bow of the vessel. This 


4 


towing is associated with such great loss in hawsers, loss of time, and above all, risk to both the ice-breaker 
and the towed vessel, that it should only be resorted to in the greatest need and never otherwise than for 
a short distance. 

In the instructions issued by some States it is clearly laid down that the captain shall absolutely 
refuse to convoy vessels of too full furm which he considers cannot follow the ice-breaker with their own 
power. Such vessels consequently stand outside of insurance protection, which practically shuts them out 
of winter navigation to the Baltic. 

For towing in ice the ordinary bollards cannot be depended upon and it is usual to pass the tow line 
through the hawse pipes, or better still, to take the anchors on board and join the two cables. It is 
advisable to have a certain amount of elasticity in the tow line and most ice-breakers are equipped with an 
automatic winch, but in addition it is advisable to pay out 15 to 20 fathoms of cable as its weight increases 
the elasticity of the towing arrangements. 

When there is a strong wind blowing it often happens that the vessel is blown against the uneven or 
jagged edge of the channel and cannot make headway on account of the vessel’s power not being sufficient 
to overcome the friction. 

The Swedish Government has had under consideration for some considerable time the question of 
building a sea ice-breaker of very large power for the purpose of keeping the ports in the Gulf of Bothnia 
open during at least part of the winter, but so far nothing has been done. The pros and cons of this 
nen have been heatedly debated by the various interested parties wisthout, however, anything being 


-done to advance the project. It is probable that some provision of this kind will be made as trade 


expands. 

paThe other Baltic States are somewhat differently situated as it is a matter of vital importance to 
them to keep the sea open, and consequently, in addition to the local ice-breakers, the States own a 
number of large and powerful sea ice-breakers. ‘he States of Denmark, Latvia and Finland have also 
had new powerful sea ice-breakers constructed during the past year, that of Finland being no less than 
5,000 tons D.W., and 8,000 I.H.P. 

Fig. 7 shows a typical sea ice-breaker at work, and Fig. 8 an ice-breaker cutting out a steamer in 
difficulties. 

It is a very costly business to keep a large sea ice-breaker in commission, and for a campaign of 
4 to 5 months might easily amount to as much as £10,000, even if the vessel were not insured. 

To maintain the winter traffic the Baltic States charge a special fee on all vessels trading there. In 
Finland, for instance, all vessels during the winter period must pay as follows per net register ton for single 
in and out journey :—2 marks for non-strengthened, 1.50 for partly strengthened, and 1.00 for specially 
strengthened. Additional charges are made by the various harbours, but these vary greatly, depending 
on the position of the harbour and the nature of the services rendered. 

A strong effort has recently been made by the Swedish Shipowners’ Society to have these fees 
abolished in that country as it is contended, and not without reason, that the maintenance of shipping 
during the winter months is a national matter and should be paid by the State as a whole, So far, 
however, the agitation has been unsuccessful. 

It will be understood, of course, that shipowners have to recover this additional outlay, with the 
result that freights in the winter season are considerably higher than in the summer months. 

It may be of interest at this point to describe suortly how the winter service is maintained in the 
Baltic where the harbours are regularly blockaded by ice as distinct from say, the Cattegat, where some 
seasons little serious ice is found. 

In the harbours small specially strengthened tug boats assist the steamers to come loose from the 
quays, swing them and assist them out into the middle of the stream, after wiich the large ice-breakers 
take them out till the ice is sufficiently thin for the vessel to force her way forward under her own 
power. 

It is generally so arranged that a number of vessels are collected and one after the other follows in 
the track of the icebreaker. 

Ships trading in, and to and from the Baltic may be divided into five separate and distinct classes. 


1. Ice-breakers. 


; 2. Steamers provided with very powerful engines and with strengthening nearly equal to an 
ice-breaker and of similar form. These vessels are engaged in maintaining the passenger and postal 
traific between the Baltic countries. 


8. Strongly constructed steamers which may be allowed to trade under all ice condit 
which, on the ground of their moderate engine power, are largely dependant on the assistance™® 
ice-breaker. ‘I'hese vessels are employed in the most urgent and best class of cargo trade. 

4, Steamers whose ice strengthening is only such as permits them to follow an ice-breaker 
either with or without towing, or to pass through thin ice or ice sludge. These vessels carry on the 
regular trade to and from the Baltic, 

5. Ordinary cargo vessels with no additional strengthening. These vessels are mostly engaged 
in the overseas trade and never deliberately enter heavy ice, but may occasionally be ice blockaded or 
require to follow an ice-breaker. This class comprises those which are principally effected by the 
well known “Ice Clause” in the Baltic Charter. 


As an indication of the usefulness of the ice-breakers in the Baltic, it might be mentioned that the 
largest Danish vessel last spring assisted no fewer than 250 vessels over distances up to 125 miles, of 
which 50 vessels required to be towed over varying distances. 

The winter traffic in Finland, for instance, which is well organised, is so arranged that the most 
powerful ice-breakers are stationed at the beginning of the winter at the inner end of the Gulf of Finland 
and assist steamers in and out there as long as possible, after which they are transferred to Hangé and Abo 
and are generally able to maintain contact between these harbours and navigable waters. The winters in 
the Baltic vary a great deal, and sometimes it is possible to maintain contact with Helsingfors and 
occasionally with Katko in the east and as far north as Mintyluota. 


CASUALTIES DUE TO ICH PRESSURE. 


If a ship happens to be fast in the ice in such a manner that she finds herself in a position where 
parts of the ice are displaced in relation to each other, it will be readily understood that she may be 
subjected to enormous pressures. If the ship has not sufficient horse-power to immediately get clear of 
the ice she is sometimes lost if an ice-breaker is not able to reach her in time. 

It may not be out of place to cite a few examples of what has actually occurred in this way within 
recent years. , 

The steamer “Vasa,” belonging to the Vasa Nordsjé Angbits A/B, was screwed under during the 
winter of 1922-3 in the following circumstances. The ‘“ Vasa” with two other vessels was assisted out of 
Helsingfors, and when the vessels came out into the Gulf of Finland the ice began to screw so strongly 
that the ice-breaker had only time to clear the other two vessels out of the danger zone. When it 
returned to cut out the “Vasa” it was found that her sides had been pressed in so badly that the ship 
was in a sinking condition, and the ice-breaker could only rescue the crew and allow the vessel to go under. 

A very typical case is that of the Gothenburg steamer “Hertha,” sunk in 1917-8. This vessel left 
Stockholm for Oxelésund in ballast intending to load iron ore at the latter port. About half way the 
steamer encountered such heavy ice that she could make no headway, and became fast in the ice together 
with about twenty other vessels. The Stockholm ice-breaker was sent to try and release the vessels but 
had to take shelter on account of a violent snow storm, on account of which the position of the fast frozen 
vessels became very precarious owing to the ice screwing. By the time the storm had abated and before 
the ice-breaker could reach the vessel, the sides of the “Hertha” had been so pressed in by the ice that 
she filled with water and sank. 

Another case of a different kind is that of the Stockholm steamer “ Vineta,” which was also sunk in 
the winter of 1917-8. This vessel, carrying passengers and cargo, was on a voyage to Mintyluota in the 
Gulf of Bothnia and became fast in the pack ice off the Finnish coast. In this case the pressure of the 
ice burst all the side lights nearest the water line and the vessel gradually filled with water and sank, 
The passengers, about 60 in number, and the crew were rescued, but the loss which fell on the Underwriters 
was well over a hundred thousand pounds. 

'The ice difficulties in the Cattegat are well illustrated by the fate of the Halmstad steamer “ Nissan,” 
which left Halmstad together with the steamer ‘“Angermaniilfen,” assisted by the ice-breaker, ‘‘ Bore.” 
When they came out into the Cattegat they encountered pack ice which was screwing badly, and the 
“ Angermaniilfen” lost her propeller and drifted helplessly. The “Nissan,” which was leaking in two 
places in the forward cargo hold, was taken out of the fast ice ‘time after time by the “Bore,” and kept 
floating while the two vessels drifted about with the ice. During the night a storm arose which left the 
two vessels in clear water, and, as the “ Nissan” was leaking badly, it was decided to return to Halmstad, 
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but on the way there the “Nissan” filled with water and sank. The vessel was ultimately raised, and 
a photo. showing the extent the side was pressed in is shown in Fig 9. 

A rather unusual case is that of the steam trawler “ Aries,” built of iron in 1881, which was sunk 
in Gothenburg last winter. This vessel was returning to port with a load of fish, and had to pass through 
heavy drift ice, when it received a violent blow from a large block of ice. It was soon realised that there 
was a serious leak in the coal bunker and assistance was called for, but before this reached the vessel she 
had “Iled with water and sank. The vessel was raised and placed on a slipway and Fig. 10 shows what 
hap) ened, a piece having been pressed out of the solid iron plate. The plate was examined after removal 
and .t was found that on some previous occasion it had been excessively faired in place. 

Fig. 11 is a somewhat tragic picture depicting as it does the last resting place of the steamer “ Rigel,” 
which was sunk in the Sea of Aland in the winter of 1922-3, with the bereaved Captain and Chief Officer 
standing by the grave side. : 

Every year numerous cases of vessels which are crushed in by the ice are reported, the nature and 
extent of the damage varying with the vessel's horse power, form, ice strengthening, and the trade in 
which she is engaged. 

Naturally the further north in the Gulf of Bothnia or east in the Gulf of Finland that a vessel trades, 
so much the more is she exposed to the violent effect of the ice. 

The Finnish Steamship Co.’s. vessel ‘ Poseidon’? has traded during recent winters between 
Helsingfors—Reval or Hangi—Reval. On this line the “ Poseidon” was one time assisted out by the 
specially powerful ice-breaker ‘“* Waimeau,’”’ which has since been handed over by Finland to Esthonia. 
The * Poseidon” became fast in the screwing ice in such a manner that the pack ice shot under the 
vessel’s bottom, and thereafter piled itself block on block right up to the vessel's deck. Even the 
“ Waimeau” became fast in the ice and had to work for sixteen hours with the whole power of her 
machinery and transverse trimming appliances in order to get free. When the “ Waimeau” finally came to 
the help of the “ Poseidon” and got her loose, and, with the help of a towing cable, drawn out of the ice, 
it was found that the vacant space left in the ice after the withdrawal of the “ Poseidon” had the form of 
the vessel’s fore end from the keel right up to the deck. 

Even a vessel’s deck and rigging are sometimes severely strained during the winter trade. On one 
occasion the steamer ‘“‘ Astrea” was, on account of the high seas and severe cold, completely frozen over, 
as shown in Fig. 12. Due to the pitching of the vessel this mass of ice became loose and fell down on 
the upper deck with the result that several beams and pillars were broken, and the deck as a whole pressed 
down about six inches. 

This question of iceing-over is somewhat important as there are often large quantities of ice on deck, 
and there is a case on record of a vessel which arrived in Stockholm about two feet over the freeboard 
mark due to this cause. ‘The risk for a vessel in such circumstances lies in the fact that she may lose her 
stability, and it is therefore absolutely necessary for the crew in such cases to do everything possible to 
clear the vessel of ice, even if the work is both heavy and dangerous. 

There is a large fleet of salvage vessels in the Baltic, and it is often possible to assist sinking vessels 
into harbour. Fig. 13 shows the steamer ‘ Asryne,” which was on a voyage from Petrograd in the 
winter of 1920-1 with a cargo of linen, and which sustained a bad leak in the Gulf of Finland, being 
assisted into Helsingfors by three large salvage vessels. 

When vessels are fast in the pack ice they are of course quite helpless, and move about with the ice. 
Out in the open this is of little consequence, but when near the coast, if a strong wind arises, it is a very 
serious matter, as vessels are often carried ashore, and, in the case of a rocky bottom, sometimes sustain 
bad damage. As an example, might be mentioned the case of the “ Fritiof,” the largest and best 
equipped salvage vessel in the Baltic, which was thrown ashore in this manner in the Cattegat two winters 
ago, and sustained a very extensive bottom damage. 

The difficulties attending navigation in fog are considerably increased by the presence of ice. Last 
winter the large motorship “ Bullaren,” due to fog, could not locate the light on Sandhammer and, owing 
to the great noise caused by the vessel forcing her way through the ice, the fog signals were not heard, 
with the result that the vessel grounded and sustained a serious bottom damage which cost about £8,000 
in repairs. 

pee item which is responsible for strandings every year, is the fact that when the ice becomes 
difficult all light ships and light buoys are withdrawn, thereby greatly increasing the navigation risks. One 
result of this is that in some parts of the Baltic it is only possible to move by day, which greatly lengthens 
the duration of a voyage. 


” 
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Out in the pack ice it very often happens that the circulating inlet becomes choked with ice sludge. 
This usually occurs in the ballast condition when the inlet is comparatively near the surface of the water. 
In many cases the circulation can be maintained by means of the water in the double bottom tanks, but 
the circulating water in such cases becomes quickly heated up and the engine loses a great part of its 
power, whereby the vessel becomes practically helpless. 

Tt will be readily understood that special life-saving appliances are essential, and the Finnish Govern- 
meni, for instance, specify that all passenger vessels trading in the winter must have the following ice 
equipment, viz.: 2 lifeboats sheathed with plates, 6 long ice saws, 12 ice billars, 6 ice nails, 6 axes, 2 ice 
anchors, 1 lifting screw, 3 pocket compasses, 20 bridder, and 6 skis with poles. For cargo vessels about 
half this equipment is required. 

The development of the winter trade in the Baltic seems to be steadily increasing and provides many 
difficulties, but, as the nature of these problems becomes better and better understood, the design of the 
vessels will be improved in accordance with the experience gained. 

All signs seem to point to the fact that the smaller vessels are not yet sufficiently strengthened, and 
that their engine power in proportion to their deadweight ought to be increased. In general, it may be 
said that experience has shown that for winter traffic the vessels should not be either too short or too long, 
and that the most suitable size of vessel for this trade are those between 200 and 350 feet in length. 

From a financial point of view to maintain trade under ice conditions is a most expensive business, 
and it might be mentioned that the winter campaign of 1922-3 cost the Finnish shipowners not less than 
35 million marks, equal to about £200,000. 


INSURANCE. 


As it is impossible for shipowners to trade in ice regions without their eventual losses being covered 
by insurance, it may not be out of place to state shortly the attitude of Scandinavian underwriters to this 
question. 

Damage to ships in ice regions may be due to one of two reasons, either by grounding owing to the 
extinguishing of lighthouses and withdrawal of lightships, or by ice pressure. 

With regard to the first the attitude of underwriters is quite clear, that it is a condition of insurance 
that the assured must recognise it as his particular duty, before the intended voyage to or from harbours or 
in coastal waters where lights are extinguished, to report in goud time such voyages so that the assurer, if 
he considers it necessary, may be able to arrange for a reduction of his risk and at the same time to 
increase the premium for this reduced risk, or even to charge an addition to the premium if the assurer 
considers that he can retain the original risk. 

With regard to the second risk the vessels concerned may be divided into three classes, viz: 1. Ice- 
breakers. 2. Vessels which must trade in ice, such as those which maintain the passenger and postal 
traffic between Stockholm and Hangé. 3. Ordinary trading vessels. 

The vessels in class 1 belong in general to the various states and harbour authorities and consequently 
do not call for insurance. 2. The number of such vessels is very small, and the engine power, form, and 
the amount and distribution of the extra stiffening fitted is well known, and it is the custom in such cases 
to charge an extra yearly premium specially determined in each particular case, which covers all damage 
which may arise due to ice during the period of the policy. Asa matter of fact a number of owners in 
such trades find it cheaper to carry the risk themselves. 3. The attitude of underwriters to ordinary 
vessels is that they must on no account trade in ice and, consequently, no addition is made to the ordinary 
premium. 

The principle underlying compensation for ice damage is that no claim will be admitted for damage 
caused by going through or forcing ice unless due to circumstances which could not be foreseen or which 
has for its object the actual saving of the vessel and cargo, and as such is approved by the adjuster as 
compensation in ‘‘general average.” In order to limit disputes regarding the former condition it is clearly 
laid down that certain well-known conditions will not be compensated for, such as the following :— 


1. When a steamer seeks to force her way to her destination or to come out of ice-bound 
harbours without the help of an ice-breaker, and although not specially strengthened for ice breaking 
or ice trading, deliberately forces her way through fast ice or drift ice of so bad a nature that thereby 
damage is caused to her plating, framcs, bull, propeller, or other parts of the machinery. 
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2. When a steamer without an ice-breaker’s help deliberately works herself into drift ice or pack 
ice of such a nature that she cannot again come into free water with her own engines and as a 
consequence thereof, sustains damage or pays for salvage services instead of watching for a more 
favourable time to enter or leave ice-blockaded harbours. 

3. When a steamer seeks to force her way through ice channels not sufficiently broad or so 
filled up with coarse drift ice that such a forcing can cause damage. 

4, When steamers are so lightly loaded that their propellers if used in coarse ice are damaged 
or broken against the ice. 


These regulations acknowledge winter navigation in ice with insurance protection under certain 
conditions which make business possible, and in practice it may be said that underwriters have for long 
recognised ice-breakers, and also put in practice the rule that ships which visit ice-blockaded harbours and 
are assisted by adequately powerful ice-breakers, which leave a channel broad enough for the vessel's 
passage, are compensated for the damage that arises through such navigation. 

Before any claim for ice damage is admitted the most searching investigation is made, and the vessel’s 
log books must be deposited with the assurer who makes very careful enquiries from his local agents and 
wherever else possible. 

Extra stiffening fitted in a vessel or even an “ice notation” in a Register is only of value to an owner, 
and is not recognised in any way by underwriters. 

To illustrate the extremes met with in the winter climate it might be mentioned that the Swedish 
Steamship Assurance Society paid claims on only eight vessels during the winter 1920-1, while in the 
following year there were no fewer than 107 claims admitted. 


DAMAGE SUSTAINED IN ICE NAVIGATION. 


Having now described the difficulties encountered in winter navigation, the next step is to turn to 
the subject with which a classification society is more intimately concerned, viz., the damage sustained in 


such navigation. 
This damage falls under a number of more or less definite headings, such as— 


1. Bow damage. 3. Stern damage. 5. Propeller damage. 
2. Side damage. 4. Rudder damage. 6. Minor damage. 


1. This is the most familiar type of damage, and it is probable that most surveyors have had some 
experience in dealing with such repairs, and Fig. 14 shows a typical case of this kind. 

The damage usually consists of stems broken and twisted, with the bow plates buckled and the rivet 
attachment to the stem torn loose with the first few frames and panting stringers badly bent or broken. 
Between this and the collision bulkhead there is also considerable buckling of plates and frames usually 
extending vertically for about 10 feet. Abaft the collision bulkhead the damage usually tapers off 
gradually for another 20-30 feet, depending on the form of the vessel. 

In general, it may be said that the damage usually means that part of the stem and several bow 
plates, port and starboard, require to be renewed, together with two or three frames and stringers, while 
the next plates require to be removed, faired and replaced, and the frames and stringers faired in place. 
Abaft the collision bulkhead it is generally possible to fair the plates in place, but sometimes it is necessary 
to remove the plates for fairing and to fair the frames in place. There are usually a large number of 
rivets to renew and leaky seams are, of course, very common. ‘The landing edges of the shell and on the 
stem are also very much chafed, and plates have often to be renewed for this reason, especially where the 
edges are only single riveted. 

A very common form of damage is due to the vessel bumping against the jagged edge of an ice 
channel, and occurs at the knuckle of the bow lines and the straight side, the damage in nearly every case 
consisting of indented plates between the frames. 

2. The side damage sustained is not nearly so common as bow damage, and only occurs when a 
vessel has been subjected to ice screwing. The damage may be said to be of two separate and distinct 
kinds. The vessel’s side as a whole, including plating and framing, may be pressed in, and a very good 
illustration of this type is shown in Fig. 9, where the side is pressed in about 30 inches, the damage 
extending for a length of 100 feet and a height of 10 feet. 


9 


In the more usual cases which come under survey the damage consists of plates pressed in between 
the frames, and it is generally possible to fair them in place, although it is by no means uncommon to 
have to remove a whole strake of plating, port and starboard, and fair and replace same. It is the 
exception, rather than the rule, to do more than fair a few frames in place. 

3. The stern damage is, in many respects, similar to the bow, except that it is very much less severe 
and is usually limited to the after peak and a few frames forward of the bulkhead. It is a very well 
known fact that an ordinary steamer is much more effective as an ice-breaker when going astern than 
ahead, owing to the form of the vessel at that part being more suitable for this purpose than the 
perpendicular sides at the forward end. The stern damage is generally due to the vessel going astern, but 
the number of cases which come under survey is comparatively small as captains are afraid of damaging 
the rudder, propeller, &e. 7 

4. Every winter there are many cases of damaged rudders, a common form of this trouble being 
twisted rudder heads, and it is hardly credible that solid steel can be twisted to the extent that sometimes 
happens. Fig. 15 shows the damage to the rudder of the steamer ‘ Vasco,” of Hull, which took place 
last winter off Ystad. In this case the mainpiece was slightly bent abreast the top pintle, while the 
rudder head was twisted about 60° with the deck stopper adrift. 

Another interesting case is that of the steamer ‘ Malmen,” which also occurred last spring in the 
south of Sweden. The rudder head and mainpiece were twisted about 35° and the mainpiece was also 
bent considerably, with the three upper arms broken, and two sternframe gudgeons torn away and the 
scarph started. 

In the majority of cases which come under survey the rudder head is not sufficiently twisted to be 
condemned, and the usual practice is to cut a new keyway. ‘The rudder post is sometimes twisted 
and the rivets in the scarph have frequently to be renewed. 

Another form of trouble is caused by the pressure of the ice on the rudder wearing out the pintle 
bushings, and these have frequently to be renewed, and where no bushings are fitted it means reboring 
the gudgeons and renewing the pintles. 

It is also very common for the upper rudder arms to be broken near the mainpiece, with the plates 
bent and buckled, and in some cases the gudgeons are torn away from the sternframe. Fig. 16 is a 
very good illustration of the damage usuaily incurred, there being many such cases every year. The 
steering chains are also frequently strained and broken and have to be renewed. ‘The fact that failure 
in the case of steering rods and quadrants is unknown is a pretty clear proof that the Rules contain a 
considerable margin of safety so far as these items are concerned. 

5. Next to bow damage broken propellers take pride of place, and the renewing of these must be a 
source of considerable profit to ship repairers every year. It is by no means uncommon for a vessel to 
have as many as three or four new propellers during the course of an ice season. The ordinary cast iron 
propellers appear to have no resilience when striking ice and propeller tips and blades snap clean off, as 
shown in Fig. 17, while cast steel and bronze propellers, on the other hand, are usually distorted. As a 
general rule there is nothing to be done but renew the propeller, although where only the tip has been 
broken off a new piece is occasionally welded on. As the loss of the propeller would be disastrous in the 
larger ice-breakers, it is the practice to so arrange the trimming capabilities of the vessel that the 
propeller can be renewed out in the ice. 

The screw and crank shafts are also sometimes affected and very occasionally require to be renewed. 
This is usually due to ice fouling the propeller and becoming jammed between the propeller and the 
propeller post. 

A very good illustration of screw shaft damage is shown in Fig. 17, which occurred last spring, 
where the shaft broke in way of the oil gland. The photograph shows the vessel being taken up on a 
slipway and illustrates the rather curious manner in which the propeller became jammed in way of the 
heel piece of the sternframe. 

6. A great many other items which are affected by the frost might be mentioned, such as the steam 
and water pipes, winches and windlass, closets, sounding pipes, water tanks on deck, &c. These are all 
liable to be affected, and in many cases cause damage, especially to cargo. The reason why deck gear is 
damaged will be understood by a reference to Fig. 12. In the hands of an experienced and diligent crew 
there need be little trouble, provided the greatest care is taken to drain all water out of the pipes, &c., on 
deck, and also to slowly thaw out the pipes after a passage through a cold climate. 

A great deal of trouble is caused by the inlet valves becoming choked with ice. In a steamer the 
only result may be said to be that the engines stop, but in the case of motor vessels it is often responsible 
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for serious damage. When the circulating water fails in a motor vessel it is generally some time before 
the engineer is aware of the fact, by which time the engine is very hot, and when one of the other sea 
connections is opened the sudden inrush of ice-cold water causes the cylinder covers to crack. This also 
happens in the case of the pistons in the larger engines which are cooled with sea water. So far no 
means have been devised for overcoming this difficulty, which causes a big loss every year, and the 
maintenance of circulation at the present time depends largely on the experience and diligence of the 
engineer in charge. 

One effect of the ice is to scrape off all the paint on the vessel’s bottom, and, as a consequence, ship- 
owners defer painting and repairing as far as possible till the spring, with the result that the repairing 
work in the Baltic is largely seasonal. 


STRUCTURAL ARRANGEMENTS TO PREVENT DAMAGE. 


It is a very old but true saying that “prevention is better than cure,” so that the next point to be 
considered is what is and can be done to prevent such damage, or at least reduce it to a minimum. 

The only vessels which need be dealt with here are those engaged in ordinary trading, as in the case 
of ice-breakers and other special vessels the additional power and strength necessary depends on the 
particular purpose for which the vessels will be used, and must be determined in accordance with the 
experience of those familiar with the special conditions. It would appear an easy matter to increase the 
strength of the shell plating and framing sufficiently to resist ice pressure, but the matter is not so simple 
as appears at first sight, as it must be remembered that such additional stiffening means not only a 
substantial increase in the first cost of a vessel, but also an appreciable reduction in deadweight. It is 
therefore necessary to effect a compromise, and, as a result of experience, it may be said that it is only 
customary to fit additional stiffening at the fore end of vessels. 

The great divergence of views with regard to the extent that vessels should be strengthened to resist 
ice pressure is well illustrated in Figs. 19 and 20, which shows the requirements of the various 
classification societies interested in this trade. In every case these requirements are optional, but if 
complied with a special notation is made in the particular register in which the vessel is classed. 

In general, it may be said that owners are not keen on fulfilling classification demands, but prefer to 
fit the stiffening which their experience has led them to believe is most suitable for the particular trade 
the vessel is intended for; usually, however, this is less than classification requirements. In Sweden, for 
instance, only about 10 per cent. of the total fleet, and comprising vessels mostly engaged in the coasting 
trade, have a special notation, generally Bureau Veritas. 

As will be seen from the sketch, the societies’ requirements all follow the same lines, but vary 
considerably both in height and’extent, between the somewhat stringent rules of Lloyd’s Register to the 
very modest demands of the Bureau Veritas. 

The ice belt plating is about 40 per cent. greater in thickness than amidships, but need not 
exceed one inch in thickness, and Png below and above the light and load lines; the fore and aft 
distance being specified either as the breadth of the vessel or as a percentage of the length. Abaft the 
ice belt the plating is gradually reduced to the midship thickness. The intermediate frames are of angle 
section and extend below and above the ice belt to the extent shown on the sketch. In all cases stringers 
are fitted, but vary greatly in number and extent. It is rather interesting to compare the additional 
weight of steel involved in complying with the different societies’ requirements for the size of vessel 
shown in the sketch. 

The shell landings in this region should never, under any circumstances, be less than double riveted. 
and the increase in size of vessel which is permitted to have single riveted landings under the revised 
Rules is decidedly objectionable from the ice navigation point of view. 

The stem is also supported by additional breasthooks, and it is necessary to rabet the bow plating 
into the stem or to fit a thos piece for the height of the ice belt. 

It is generally contended by those with most knowledge of this subject that the best arrangement is 
one where the fore end is very strong but also somewhat elastic, so as to allow for a little play under ice 
pressure, and it is thought that localised strong panting beams or web frames are undesirable. Web 
frames are in any case objectionable in the timber trade, and the new panting arrangements in the Rules 
dispensing with webs and panting beams is a step in the right direction for this purpose at least. 

The invariable practice of fitting light angle frames vertically between the main frames would seem 
to be a very curious custom, and one which would be very difficult to defend logically. It would appear 
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to be much more reasonable to fit the extra stiffening at right angles to the buckling, say by fitting closely 
spaced intercostal stringers, and a careful examination of a very large number of damaged vessels seemed 
to show that the presence of these intermediate frames did not contribute much towards resisting 
buckling. 

The method of specifying the fore and aft extent of the bow stiffening by the classification societies 
is highly objectionable as it takes no account of the form of the vessel at the fore end, and it will be 
readily understood that a vessel of fine form forward requires the stiffening to be carried much further aft 
than one of full form. It has been suggested that the extent should be determined by the point at which 
the tangent from the ship’s side forms a certain angle with the centre line of the vessel produced. The 
difficulty is, of course, to determine the angle. 

In general, it may be said that vessels trading in ice should never have straight or concave waterlines 
forward as such vessels cannot be forced through ice, besides which a vessel of fine form has also flatter 
surfaces of plating, which are more easily pressed in than when the waterlines are convex. 

Where vessels are not built or intended for trading in ice but have on occasion to do so, they some- 
times have temporary stiffening fitted. This usually consists of balks of timber fitted between the frames 
supported by heavy wooden struts across the vessel like panting beams. ‘This arrangement is, of course, 
very heavy and cumbersome and is seldom resorted to, but many will doubtless recall the vessels so fitted 
for the North Russia campaign during the war. 

There is no doubt but that the additional stiffening fitted at the fore end greatly lessens the extent 
of the damage incurred, but, unfortunately, it gives rise to that abomination of the surveyor’s existence 
known as “minor indents.” 

Generally speaking, it may be said that ice strengthening is only fitted in the smaller sizes of vessels 
where the shell plating is comparatively thin, and that in the case of large overseas trading vessels it is 
only in exceptional cases that additional stiffening is fitted. 

With reference to the vessels sides the most important point is in connection with the transverse 
form. There should never be any tumble home until well above the waterline, and in all cases this should 
be reduced to an absolute minimum. Fig. 18 shows a proposed form of midship section which, from the 
purely ice navigation point of view, has much to commend it. It is only in exceptional cases that any 
additional stiffening is fitted to the vessels sides or at the stern, as experience has shown that, on the 
average, it is cheaper to repair any such damage that may arise rather than incur the additional first cost 
and reduction in deadweight. 

A point of considerable importance is the inadvisability of adopting a wider spacing of frames than 
given in the Rules. Whatever benefits there may be in wide frame spacing in other trades there are none 
in ice navigation, as it has been clearly demonstrated in a number of cases that the increase in thickness 
required to the shell plating is not nearly so effective in resisting ice pressure as a closer spacing of 
frames. ‘The reduction in the thickness of the shell plating in the new Rules, while in most respects 
a decided improvement, is, nevertheless, unfortunate from the ice pressure point of view, but, after all, it 
is not possible to frame rules to cover every contingency. 

The practice of punching holes in the standing flange of side frames to take the sparring battens is, 
in general, a matter of no great consequence, but it is rather noteworthy that in small vessels with single 
angle frames, often the frames break through these holes when the ship’s side has been subjected to ice 
pressure. 

With regard to rudders the usual practice is to increase the diameter of the rudder head from 10 to 
20 per cent. in area. This increase is necessary, not only on account of the extra twisting due to ice 
pressure, but also on account of the longer length of the rudder head, as it is highly desirable to keep the 
rudder area as low as possible. The scantlings of the rudder itself and also of the steering chains should 
be in accordance with the increased diameter of the rudder head. 

The top arm of the rudder should be specially increased in size or, alternately, an additional arm 
should be fitted between the two upper arms. It is a common practice to have the rudder a solid casting, 
and many of the ice-breakers are so fitted, but the difficulty is to obtain satisfactory castings, as many 
flaws appear even on ordinary service. ‘Ihe common type of rudder with the mainpiece and arms cast 
in one should never be fitted, for if an arm breaks the whole rudder must be renewed. 

The stipulation in the new Rules regarding the rivets in the rudder arms at the inner ends not being 
opposite one another is a step in the right direction, as this is the usual point of failure (see Fig. 14). 

It is highly desirable that all stern frame @udgeons should he bushed and, for that matter, the 
rudder pintiles also, 
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So far as the propeller is concerned experience has clearly shown that the only satisfactory arrange- 
ment is to make it of cast steel in order to enable it to withstand striking the ice. It might be mentioned 
that in some of the more important ice-breakers the propellers are of nickel steel, but they are never so 
fitted in cargo vessels. The usual practice is to fit the ordinary cast iron propellers, but the unsuitability 
of this material will be readily admitted. Manganese bronze blades are not nearly so efficient as cast steel, 
as they are much more liable to be badly bent and distorted when used in ice, and are also very expensive 
to renew. 

It has been found in practice that it is not economical to unduly increase the thickness of the 
propeller blades owing to the loss in efficiency during the non-ice season, and in a number of cases it is 
the practice to have two propellers, an ordinary one for summer use and a very heavy one for the winter. 
This, of course, necessitates docking such vessels in the spring and autumn. It must also be remembered 
that if a propeller is made too strong, and a point arises at which something must give way, the chances 
are that the screw or crank shaft will break. 

It will be evident that it is advisable to increase the diameter of the shafting, especially the screw 
shaft, which is usually about 5 per cent. above Rule requirements. 

As the loss of a vessel's propeller may have disastrous consequences, it need hardly be pointed out that 
in ice navigation it is extremely important to have the propeller and also the rudder immersed below the 
ice if at all possible. The problem of the immersion of the propeller generally arises in the ballast 
condition and is usually overcome by providing an after peak tank of large capacity. It is also by no 
means uncommon for the after hold to be partly flooded for this purpose, and also for running up on 
the ice so as to act as a modified ice-breaker, This point well illustrates the ditliculty of a classification 
society legislating on this subject. 

Another very important item is the condenser circulating water. The main inlet should be of 
increased area and in all cases provided with means for discharging steam or hot water for clearing away 
the ice. There is a considerable divergence of opinion which of the two is the more effective. It is also 
advisable to provide a reserve inlet in case the main inlet becomes choked. The best place for this seems 
to be through the bottom plating, but it is contended that the provision of this inlet at practically the 
the same level as the main inlet is a mistake, for if one inlet becomes choked the chances are that the 
other will also. 

To overcome this objection many vessels have the reserve inlet fitted through the stern plating as 
the revolution of the propeller keeps the water clear there. 

While all vessels are liable to get the inlet choked with ice, this is especially the case in those with 
fine midship sections due to the ice being shot under the bottom of the vessel. 

It has even been contended that the discharge valves should be fitted much higher than usual to 
avcid choking, but any cases of this kind must be extremely rare, as it is found in practice that no trouble 
is experienced as the continual discharge of warm water is quite sufficient to keep the valve free of ice. 

It is advisable to make arrangements whereby the water in the double bottom can be circulated 
through the condenser as a last resource, for while the ballast water soon becomes too hot to be of much 
value it may last sufficiently long to enable the vessel to get into clear water, 

The prevention of what has been called “‘minor damage’’ depends so much on the particular arrange- 
ment of a vessel, that the most suitable measures for preventing same are best determined by the owner in 
accordance with his experience. 

The most important point of all, is the provision of sufficient horse power to enable a vessel to force 
her way through ice, and it is on this point that it is impossible to lay down hard and fast rules depending 
so much as it does on the particular trade, form of the vessel etc. 

Various solutions of this problem have been propounded, none of which have ever been taken 
seriously, and quite recently an attempt by the Swedish Board of Trade to enforce a formula giving a 
minimum horse power for steamers met with such strenuous opposition from the shipowners that it had 
to be withdrawn. 

It is impossible to altogether prevent damage to ships which trade in ice regions, but that is no reason 
why the greatest thought should not be given to the subject when building a vessel intended for such a 
purpose, and there is no doubt that such damage could be enormously reduced provided the vast experience 
which has been accummulated is utilised to the best advantage. 
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DISCUSSION ON MR. H. J. THOMSON’S PAPER 


ON 


“ICE NAVIGATION AND DAMAGE IN THE BALTIC,” 


Mr. C. H. Stocks. 


From a perusal of the paper it would appear that strengthening of ships to resist ice pressure is not 
a subject easily legislated for. At best it is adopted as a palliative, the owner preferring, for economic 
reasons, to trust to providence that his ship will not be caught in the ice rather than that he should fit 
a sufficiency of ice strengthening and power to combat the evil. 

The question, therefore, being a purely economic one, we might look to see whether there is an 
alternative solution. Perhaps the author can say if a physiographical solution has ever been 
contemplated. 


A fair part of the Baltic, at least, lies in a latitude similar to our own, and the chief reason for the 
different conditions seems to lie in the composition of the water. 


In such a sea as the Baltic, which receives a large quantity of fresh water, and where there is little 
evaporation, the percentage of dissolved matter is lessened, and the freezing point is some 4 or 5 degrees 
higher than for ordinary sea water. 


To affect the composition of the water in the Baltic seems a tall order, but perhaps not so impossible 
as might at first appear; at any rate, bearing in mind the damage to and loss of shipping and the adverse 
effect on commerce, the problem is worthy of consideration. 


Further, there are numerous examples where, with man’s initial effort, Nature has completed 
gigantic tasks, and the most curious and outstanding example of Nature’s own effort to maintain a 
balance is the Gulf Stream. 

From a study of Figure 1, one might contemplate a very drastic widening of the Kiel Canal to allow 
a free flow between the Baltic and the North Sea, so planned as to bring a backwater flow into the Baltic 
from the North Sea, but perhaps more feasible propositions would occur to those more versed in the 
subject. 


I should like to express to the author my appreciation for his very interesting paper. 


Mr. J. S. ORMISTON. 


Mr. Thomson’s paper is of romantic as well as technical interest, and I think is, therefore, one of the 
most readable papers which has been given before our Association. 

The dangers of navigation in ice are depicted in a graphical manner, and form an excellent 
introduction to the more serious matters of insurance against damage to structure, and construction to 
minimise damage arising from such dangers. 


On page 8 the author sets forth the various kinds of damage experienced. Here, and also on page 10, 
he strikes a note regarding the riveting of shell landings with which I entirely agree. 


I should like to ask him whether the introduction of chafing pieces on the edges of the strakes 
* would not be a fitting which wonld reduce considerably the trouble of leaky seams to which he 


2 


~ 


refers. This carried out systematically over the “ice belt.” construction would seem to be a simple and 
effective method of reducing damage and consequent leakage. 


The author shows a good case for the increase in the rudder stock required by the rules. The 
20 per cent. increase in area referred to by the author would agree well with the 10 per cent. diameter 
increase provided for in the Rules. A deduction of practical importance from the author’s remarks as to 
rudder arms would seem to be to close up the spacing of the rudder arms in order to get, say, 4 arms 
for the size of rudder shown on Figure 16. 


The author does not appear to mention the alternate form of “ice belt”? construction provided for 
in the Rules, namely, where the frame spacing is reduced to 18 inches and the intermediate angle frames 
are omitted. 


From the point of view of simplicity of construction this seems to be much the best arrangement. 
Perhaps the author will give us his opinion on this. 


Side stringers fitted in association with intermediate frames, the latter being placed between frames 
at the usual spacing, are cut to pieces in so hopeless a manner that little efficiency can be left. 


Any side stringer has its efficiency initially reduced by the slovting out for frames, and I should like to 
ask the author if the fitting of side stringers against ice damage is really a sound idea. Ice damage must 
inevitably include damage to side stringers, and it would seem to me that a system of construction 
whereby the frames are fitted at close intervals, say 15 to 18 inches, without any further members, would 
be just as effective and much easier to repair. 


It would not be difficult. to get over the question of suitable spacing of floors in the double bottom. 
For instance, the side frames could be spaced about 12 or 13 inches apart, and the floors in the double 
bottom could then be situated 24 or 26 inches apart, so that the requisite strengthening of bottom 
forward could be obtained. 


It would also be of interest if the author would say whether bulb angle framing is more suitable 
against ice damage than built framing, and also how the shell riveting of the side frames stands such 
service. 


Mr. W. Warr. 


I have read with very great interest Mr. Thomson’s paper on “ Ice Navigation and Damage in the 
Baltic.” Mr. Thomson has always taken a keen practical interest in our Association, and, perhaps 
because of the warmth of his heart, he has become so inured to the cold of Sweden that he comes home 
to join us for his “ summer” holidays when there is at least some prospect, of snow covering the ground. 
This paper is particularly interesting because, although some of us may have had sense in the building 
of vessels designed to plough their way through fields of ice, few of us can hope to have experience of such 
vessels in actual service. In this respect the author’s experience is unique. 


I have surveyed, during construction, several vessels intended for service between Newfoundland and 
Greenland. In each case the additional strengthening consisted of closely spaced bulb angle frames about 
14 inches apart from the stem to about 20 per. cent. of the vessel’s length abaft the stem, in association 
with a strong cast steel stem and plating 14 inches to 1 inch in thickness ; and a belt of Linch plating 
stiffened by intermediate frame angle bars extending from the bow stiffening to the sternpost, and from 
below the light waterline to just above the load waterline. 


‘These vessels performed well in service, and the repair bill was no more than that of an ordinary 
vessel trading in more open waters. 


Form is an important factor in the design of such vessels, and unfortunately the form most suitable for 
encountering ice is not the most suitable form for efficient yropulsion either by engine or sail. This has 
been proved very conclusively in the case of vessels designed for Polar exploration, where the form, being 
suitable for resisting ice pressure, has been entirely unsuitable for good sailing. 


Another important factor is the question of stability. In some cases it has been specified that the 
G.M. shall be reduced to a minimum in order to facilitate the rolling of the vessel in the process of freeing 
it from ice. In one case which came under my notice, the G.M. in the normal loaded condition was nil. 
Fortunately she had an ample topside, otherwise the effect of large quantities of ice and snow on the deck 
and rigging such as is depicted on figure 12 would be serious. Under such circumstances I tremble to 
think what would happen were the after hold partially filled with water, as is apparently done in the 
Baltic steamers. 

I would like to know what is the author’s experience in regard to wood vessels. Many such are built 
for service in the Baltic. They are, of course, of modest dimensions, but as steel vessels are entirely ruled 
out of the Polar Seas, and the wooden vessels employed have been found most satisfactory when encount- 
ering large masses of ice, it would be interesting to know if they have been found to be as satisfactory for 
service in the Baltic. 

At the bottom of page 12 the author states that an attempt was made quite recently by the Swedish 
3oard of Trade to enforce a formula for the minimum horse power of steamers. This question was 
discussed very fully by the Chamber of Shipping International Committee on Loadlines in 1922. In 
connection therewith, and with the valuable assistance of Mr. Townshend, I investigated this subject, and 
we were able to draw up what was considered to be a reasonable standard of brake horse power in relation 
to displacement, But that is only part solution of the problem, for obviously there must be a maximum 
sail area if the ship is to be considered a steamer and not a sailer. If there is sufficient sail power to enable 
a ship to make a voyage unaided by engines, then, as far as loading is concerned, the ship should come 
under the regulations for sailing vessels, for assuredly sails will be used when there is a favourable wind, 
and during such periods the vessel is in every sense a sailing vessel. 


It was not possible to devise a sail area formula which would prove acceptable to all interests, and 
nothing further has been done. 


I shall be grateful to Mr. Thomson if he will furnish full particulars of the Swedish formula 
referred to. 


Mr. A. G. AKESTER. 


It is a little difficult to do justice to the paper under discussion at so short notice, and this is 


unfortunate as the paper is well worthy of mature consideration coming as it does from an expert 
observer in direct touch with his subject. 


There are, however, two or three points which come to my mind on a first reading of the paper. 
Firstly, on page 10, under the heading of Structural Arrangements to Prevent Damage, Mr. Thomson 
says: “It is rather interesting to compare the additional weight of steel involved in complying with the 
different societies’ requirements for the size of vessel shown in the sketch.” On turning up figures 19 
and 20 it would appear that there is some inconsistency about the weights there given, e.g., taking the 
extremes L.R. 13°8 tons and B.YV. 6°5 tons, the ratio is 2 to 1 merely, whereas the shaded area affected 
is of the order of 4 or 5 to 1, also the intermediate frames are shown heavier for L.R. than for B.V. 
Perhaps Mr. Thomson would be good enough to verify the figures he gives and at the same time mention 
the size of vessel selected, which on shell thickness would appear to be about 275 ft. in length. 

Mr. Thomson refers to the increase in size of vessel which is permitted to have single riveted seams 
under the Revised Rules. An investigation of this was made some time ago which showed that there 
was practically no change in the riveting requirements for the bottom shell, but that the limiting 
length of vessel for single riveted seams in way of side shell plating has been increased about 40 feet. 
In the neighbourhood of the ice strengthening, however, where the shell thickness is increased some 
40 or 50 per cent., the seams of shell plating are required by Rule to be not less than double riveted, so 
that the criticism in the paper hardly applies. 

Lastly, Figure 18, showing a proposed form of midship section for a vessel navigating in ice, would 
appear to have advantages at load draught only, since the sides are straight further down. The idea is 
similar though for a different reason to one put before the Institution of Naval Architects a year or two 
ago in a paper dealing with the influence of form upon the stability and propulsion of passenger ships, 
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only in this case the bulge came in the neighbourhood of the light line. As advantages in stability and 
propelling power were claimed for this type of vessel it is just possible that the ideal ship for ice 
navigation would need to combine both ideas. 


Tue PRESIDENT. 


With reference to the subject of ice breakers it may be of interest to mention some particulars of 
the four-screw Steamer ‘ YERMAK ” (ea “ ERMACK,”) built in 1898, which was the pioneer of the Pelagic 
ice breakers. This vessel was the first which had been designed to attempt the formidable task of 
opening tracks and convoying cargo steamers through the ice-bound seas to ports that up to that time 
had been considered unapproachable in the winter. Previous to the building of the “ Ermack” nothing 


had been done beyond keeping a track open through the fringe of ice surrounding the Baltic ports in 
winter. “ue 


According to particulars given in the Lngineer of the 25th November, 1898, this vessel was to be 
capable of being propelled into thick field ice by machinery of 10,000 horse power, without suffering 
damage. The bow was designed with a long overhang, so that the attack on ice of some 10 ft. in 
thickness would take the form of a sliding blow, and, if the resistance encountered was more than 
sufficient to overcome the breaking strain thus produced, the momentum of tlie vessel would be expended 
in lifting the bow on to the top of the ice. It was thought that, in the latter circumstances, the water 
supporting the ice would be violently disturbed by the action of the propeller placed under the cut-away 
bow so that, under the effect of weight of the vessel acting above and enhanced by absence of support 
below, the ice would gradually yield. 


The dimensions of the vessel were :—Length 305 ft., breadth 71 ft., and depth 42 ft. 6 ins. The 
propelling machinery consisted of four sets of triple expansion steam engines, each capable of developing 
2,500 I.H.P. The scantlings throughout were arranged so that, in the event of the propellers striking 
a solid body, the engines would be brought to a standstill without suffering breakage. 


Each main engine was provided with a small set of reciprocating engines for the purpose of rotating 
the propellers while the vessel was at rest. Another special feature was that the stern of the vessel was 
so constructed that it would permit of the bow of another vessel being accommodated so that the latter 
vessel could add its propelling power to that of the “‘ ERMAcK” during an attack on the ice. 


I was under the impression it had been found that the forward propeller did not give the assistance 
anticipated, and that difficulty had been experienced through repeated breaking of the blades of this 
propeller, but it appears that some other desirable feature has developed because in the case of a recent 
ice-breaker a somewhat similar arrangement of cut-away bow and forward propeller has been adopted. 


Regarding damage sustained by cargo vessels while passing through ice, from personal experience it 
was found that the damage was principally confined to the stem and bow plating of the vessel, and that 
the nature of the damage was similar to that indicated in Fig. 14. In many cases the indentation of the 
shell plating between the frames was slight and the riveting and caulking of the seams remained 
watertight, but in other cases the stem was twisted and the shell plates, frames and reverse frames were 
considerably set in, 


[ have great pleasure in adding my thanks to Mr. H. J. Thomson for his most interesting paper, 
and I feel that the Staff Associatiun is greatly indebted to him for his continued enthusiastic support in 
the practical manner of again contributing a paper to its Transactions. 


5 
CORRESPONDENCE. 


Mr. G. Dykes. 

The surveyors at those ports who have had experience with ice damage repairs will especially fully 
appreciate the value of Mr. Thomson’s paper, more particularly his remarks on Structural Arrangements 
to Prevent Damage. 

As Mr. Thomson has pointed out, and as experience has shown, all vessels owned in the 
Baltic, generally understood to include the Cattegat, Eastern Denmark, and German ports east of 
Hamburg, or intended to trade in the Baltic or White Sea (whether or not fitted with ice strengthening) 
should have all landing edges of the outside plating double riveted. In this respect the application of 
the new Rules have proved disappointing to owners resident in the Baltic. 

The efficiency of the rule intermediate frames as given in Fig. 19 would be much improved if 
instead of angles 84 x 3} x *44, angles of 44 x 35°38 were fitted, and if of less depth than the rule 
frames, they were to have lugs bearing on the side stringers in hold. 

The question of the best distribution of ice strengthening cannot be easily laid down in rules 
suitable for the bow form and machinery power of a given vessel, but I am sure within the limits of the 
additional material specified by the Rules for this purpose, latitude could be given to the surveyor with 
experience of ice damage to use his judgment in arranging same. 

Whilst as a general rule an owner derives no advantage in insurance premium for ice 
strengthening, nevertheless he has the advantage of avoiding having to lay up his vessel for ice damage 
repairs as early as would otherwise be necessary, and further, on account of the ice strengthening notation 
inserted in the Register Book under the vessel’s name, opportunities will occur of being better able to 
charter her. 


Mr. PauL GERRETZ. 
I have read Mr. Thomson’s paper with very great interest and pleasure and so, I think, have done 
all the other surveyors in the Baltic, because the subject is very familiar to them. With the kind 
permission of the author I would make a few remarks on the subject. 


I quite agree with the author that in confined waters the ice formation begins earlier and 
proceeds faster than in open waters, yet the ice in confined waters is never so dangerous for a vessel, 
because the vessel merely stops when the ice becomes too strong ‘o be broken by her, and there is little 
danger in such waters of ice screwing, which could possibly press in the vessel’s sides. 

As to the forward propeller, I have been told by a captain who has commanded an icebreaker for 
over twenty years that this propeller has to clear the water before the vessel’s bow of the broken ice, and 
throw it backwards. The suction of the stern propellers would not be sufficient, and the pieces 
of broken ice would be pushed ahead, piled one upon another, and greatly hinder the proceeding of the 
vessel. The icebreaker of this captain had no forward propeller and he had many times to force his way 
through an ice-channel backwards, if he could not do it forwards. 

For towing in pack-ice the Esthonian icebreakers have a small cavity in the stern, allowing the bow 
of the towed vessel to be hauled quite close into this cavity and preventing it from moving to the right 
or to the left. If the icebreaker and the towed vessel did not touch one another, there would 
always be danger of the icebreaker being stopped in heavy ice and run into by the following vessel. The 
elastic tow-line is used only when the water is practically clear for the icebreaker, so that there is no 
danger of involuntary stopping. 

I suppose the surveyors in Finland will easily recognise in the icebreaker ‘‘ Waimeau,” mentioned on 
page 6 as the “* Wiiniiméinen,” of which the present Esthonian name is “ Suur Toll.” 

Speaking about the damage caused by navigation in ice, it may be of some interest to mention the 
Isherwood system vessels. Although the bow damage is quite similar to that of the ordinary vessels, yet 
it extends much further with only a slight decrease nearly up to the half length of the vessel, 
because so far as ice pressure is concerned, the plating has less support from the longitudinal framing 
and the wide spaced frames, abaft the collision bulkhead. 

The proposed form of vessel for navigation in ice is very interesting. Her lines in the vicinity of 
the water level are somehow similar to those of an icebreaker, and possibly such a vessel would also break 
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the ice by running on it and pressing it down, afterwards pushing the broken pieces aside on to the 
sound ice as an icebreaker does. An experiment would be of interest, if the extra costs involved by the 
complicated form of the frames and plating could be covered by possibly lower insurance rates. 

It is most important, as the author states, to provide a vessel trading in ice with sufficient horse-power to 
enable her to force her way through ice, yet the increase in power should always go hand-in-hand with 
strengthening of the vessel herself. Otherwise, the machinery itself could become a danger to the vessel. 

Old iron vessels seem to be no match for the Baltic ice. Three of them, all of which I have dealt 
with in the harbour of Reval in winter time, had holes punched out of solid plates, and no extension 
of the material appeared to have taken place. 

As the author states, the bow plating is one of the most vulnerable parts of the vessels navigating in 
ice, and therefore it requires to be carefully dealt with when damaged. Care should be taken that the 
previous elasticity of the material be not seriously affected by later fairing processes. 


Mr. F. R. Paumer. 


Mr. Thomson’s paper on “ Ice Navigation and Damage in the Baltic” appeals to me particularly 
with regard to the structural arrangements at the fore end of vessels. For some time I have thought 
that the question of the bow strengthening usually fitted in vessels trading to and from the Baltic has 
not been sufficiently gone into. 

I am, however, pleased with the author’s remarks regarding the practice of fitting light angle 
frames vertically between the main frames, and agree with him that a better arrangement is to fit the 
extra stiffening at right angles to the buckling. 

Mr. Thomson seems undoubtedly to favour longitudinal stiffening, but instead of fitting closely- 
spaced intercostal stringers as he proposes, I would suggest that a more efficient and economical arrange- 
ment of bow stiffening would be to adopt the longitudinal system of framing forward of the collision 
bulkhead. Perhaps the Author will enlarge on this point in his reply. 

I do not think it necessary to fit any additional stiffening to prevent side damage; in general, it 
is found the damage to the framing is of a minor nature and can be dealt with in place. 

T thank Mr. Thomson for his interesting paper. 


Mr. A. IsaKson. 


When I first had the pleasure of perusing Mr. Thomson’s excellent paper on “ Ice Navigation and 
Damage in the Baltic,” I could not help an old Swedish proverb coming to my mind, * Du ser inte 
skogen fér bara triid”’ (The trees around you hide the forest). We Scandinavians have observed most of 
the facts dealt with by the author for scores of years, but it has been the privilege of a Briton who had 
spent only very few years in Sweden to focus the various details of this vast subject into a paper, so 
1 poh arranged and systematised that it gives the impression that the author had been hovering over 
the icy seas, fjords and harbours of the Baltic and neighbouring waters in an aeroplane. 

The comments that I have to offer are thus mostly of a minor character, and although I certainly 
envy the author, my comments must not be judged as an endeavour to detract in the slightest from the 
great merits of the paper. 

“The temperature of the sea in summer (in the Baltic, etc.) is very high.” I have had the privilege of 
bathing and swimming in the Channel and on the English East and West coasts, where you may remain 
for hours in the delicious tepid salt surf. Water of corresponding temperature may be found in exception- 
ally hot summers in inland lakes and at shallow beaches on the Southern and Western coasts of Sweden, 
and also on the Danish coasts, but the sea temperature in the Baltic, even in the midst of hot summers, is 
considerably below that of the North Sea, and, at the watering places on the open Baltic, you need only 
plunge in and have a few minutes of swimming to have a skin nearly as red as a lobster on coming out 
of the water, especially when the wind is blowing off shore. The temperature of the sea water at the 
Sandhamn sea bath, east of Stockholm, very seldom reaches 16 degrees centigrade even in hot summer days. 

The greatest shipping difficulties are, as the author points out, experienced where the waters are 
comparatively confined, or rather where they form contracted passages between the more open sea areas, 
Also, almost insurmountable ice barriers may be formed off the open coasts round the Baltic, the 
Gulfs of Bothnia and Finland, after strong continuous ‘on shore” winds. On the contrary, the ices 
formed in the “Skirgirds” between the thousands of islands, cannot be said to offer any serious 


cd 
‘ 


obstacles to navigation, as such ice is easily forced by even the icebreakers of moderate size—say up to 
1,000 I.H.P.—which are kept in commission by the local harbour Boards. Should the trading vessels 
be broader than the channels opened up by these smaller ice breakers, these need only widen the channel 
by returning to the vessel in distress and then tow her through. It is the pack-ice, brought together by 
currents or strong winds either in the contracted passages referred to by the author, or off the open 
coast—say West of the Stockholm Skiirgird or outside of other harbours in the Baltic—that offers the 
greatest obstacle to winter navigation and necessitates the use of the powerful Russian, Finnish and 
Swedish icebreakers referred to by the author. And as the beam of these large icebreakers is generally 
equivalent to the beam of the trading vessels, the channels these icebreakers open up also in the 
Skiirgards, and their high towing power, greatly facilitate navigation in such sheltered waters where no 
ice barriers can be formed. 

Provision of Icebreakers.—The contemplated new Swedish sea icebreaker, referred to by the author, 
has now been contracted for by the Swedish Admiralty to be built at the Lindholmen Yard, Gothenburg. 
Its dimensions are : 


Length over all — 62.20 m. 
L.W.L. — 59.30 m. 
Moulded Breadth — 17.00 m. max. 
ed Pm in Waterline - 16.20 m. 
Mean Draught — 6.00 m. 


Displacement—2,400 tons; angle of stem with the waterline—23 degrees; main (or after) engine— 
2,600 I.H.P. with 85 rev. per minute normally ; fore engine—1.400 1.H.P. with 100 rey. per minute normally ; 
maximum combined horsepower of both engines 6,000 I.H.P. ; boilers, single-ended, oil-fired, with Howden’s 
forced draught; heating surface—1,030 sq. m., and working pressure—14 atmospheres; rolling tanks (not 
anti-rolling) with a centrifugal pump of 60 tons capacity per minute. As each of these rolling tanks is of 45 
tons capacity, this water volume can thus be thrown over from one side to the other in less than one minute, 
which is expected greatly to reduce the tendency of this new icebreaker to stick in the ice. 

The alternative of fitting this icebreaker with Diesel-electric motive power has had to be given up, as 
it would have entailed an increase of the building cost of this new icebreaker, for which reference may_be 
made to the appended plan. pees 
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As regards the tendency of sticking in the ice when forcing it, especially pack-ice, I have suggested to 
one of the gentlemen in the Admiralty responsible for the design of this icebreaker, whether ‘“ Prevention 
would not be better than cure” by keeping the vessel in constant rolling when breaking through heavy 
ice barriers. To effect such constant rolling I have suggested the introduction of an inverted gyrostabilis- 
ator of the same general arrangement as those manufactured by the Westinghouse firm for even the largest 
vessels, As, however, this arrangement would have entailed materially increased cost, and is also, perhaps, 
considered to be rather too radical an innovation, the old arrangement of pumping the yessel loose when 
sticking in the ice has been adhered to. The very material increase in icebreaking power which would be 
obtained by keeping an icebreaker in constant rolling, has been established by me on a small scale in 
Stockholm Harbour on board a little steam ferry boat, which was repeatedly sticking in the ice, until, on 
my suggestion, all the passengers set the ferry in rolling by moving simultaneously a step or two from star- 
board to port and back, when the ferry proceeded with constant speed straight on to the landing stage 
without any further tendency to sticking. And I feel almost sure that if only one “inverted 
gyrostabilisator” were fitted in an icebreaker, the harbour authorities and other owners of icebreakers 
would be anxious at once to fit similar arrangements in their vessels. 

Charges on Shipping for Icebreaking.—The efforts made by the Swedish Shipowners’ Society to have 
these charges abolished have, so far, been sympathetically met, as, at a recent sitting of the Stockholm 
Harbour Board, it was decided to abolish altgether the extra dues hitherto charged by the Board for 
keeping the two Stockholm icebreakers, one of about 4,000 I.H.P. and one of 1,000 I.H.P., in commission, 
and the wave of opposition against the new State icebreaking dues proposed by a Government Commission 
is at present running high. 


Damage Sustained.—Bow and Stern Damages.—On the high-powered and efficiently ice-strengthened 
passenger steamers engaged in the winter traffic between Stockholm and Finland, most of them built 
abroad and fitted with peak tanks for trimming purposes, it has frequently been observed that these tanks, 
if riveted as ships’ bottoms usually are, get leaky on almost every voyage. On my suggestion these tanks 
have been, in some cases, entirely reriveted, ‘boiler fashion,” in way of the water (or ice) lines by 
removing and re-countersinking all the rivet holes and screwing up the plate edges tight by means of 
working bolts in every other rivet hole before commencement of the riveting. This has been found 
practically to cure the trouble, but, for new constructions, it would perhaps be a matter for consideration 
to adjust, in the Rules for ice-strengthening in this class of vessel, the pitch of the rivets, the number 
of rows, and the manner of fitting and riveting in these regions of the plating, more in accordance with 
boiler-work than with general shipwork. 

Steering Chains.—The very frequent occurrence of steering chains breaking, especially in ice 
navigation, but also as a consequence of heavy seas striking the rudder, suggests that it might be a 
suitable measure to fit a “safety link’? in the steering chain on each side, on the same principle as the 
“breaking blocks” fitted in all steel-rolling mills, which have proved an efficient means of preventing the 
fatal breaking of the rolls, or millstools. The strength of such ‘safety links” would be about half or 
two-thirds the breaking strength of the chains. 


Another commendable method of diminishing the risk of steering chains breaking is the action 
of a shipowner in Leith in ordering all his masters to see that all steering chains are annealed at least 
once every year. Not only does this annealing improve the elasticity of the chains, but the annealing 
necessitates the taking adrift of the chains when defective, and too much worn links are more easily 
discovered than when they are in position, frequently covered thickly with grease, etc. 

Propeller Damage.—A not infrequent damage to propellers in ice navigation is the hub bursting 
through the freezing of water contained in it, when the vessel is standing in drydock or on a slipway. 
An instance of this occurred at Stockholm a few years ago, when the whole crew on board a Norwegian 
steamer were waked up in the middle of the night by what they all thought was some violent explosion 
on board. At daybreak it was discovered that the propeller centre had burst, and the propeller, in two 
parts, was found on the dock bottom. 

On Swedish vessels, in order to prevent this, all propeller centres are filled with boiling hot tallow 
through a hole, afterwards filled with a packed bolt. Any water that may find its way into the centre in 
small recesses in the tallow has then freedom to expand when freezing. As a consequence, the first thing 
to look for when a vessel is docked in winter time should be whether the propeller centre has a “ tallow 


9 


bolt.” If not, a hole should be immediately drilled, the water let out, molten tallow poured in and a bolt 
fitted, and I may say that this precaution has saved a good number of propellers from bursting. 


As to damaged propeller blades, if only one or two blade tips are broken off and the time for 
staying in dock limited, it is customary to burn off the opposite tips correspondingly, so as to balance 
the propeller and prevent undue wear on the bush, leaving to some more convenient time the fitting 
of the spare propeller, or a new propeller if the spare one is also damaged or of unsuitable design. If 
the decrease in the propeller area by this “ balancing” is only slight, the damaged propeller has even 
been found occasionally to be quite as efficient (07 even more so!) than before the damage occurred— 
which does not of course reflect much credit on its designer ! 


As the breaking of the screwshaft or the crankshaft through ice fouling the propeller is a more 
serious casualty than the breaking of one or two propeller blades, it would be a matter for consideration 
whether a propeller on an icebreaker should not always be less strong than the shafting. 


Some years ago, I was authorised by the Riga Exchange Committee to survey the damage sustained 
to their powerful icebreaker, “ Pjotr Veliky” (‘* Peter the Great”), where the machinery had been 
gradually brought up to a standstill when the vessel was forcing ice. When the vessel had been docked 
it was found that, through the violent pressure on the cast iron oil-glanded stern bush exerted by the 
propeller working in the ice, the steel shaft had cut the bush to the extent that its cast iron had 
melted on the inner surface and welded itself together with the steel shaft, the grey pig iron in the bush 
being converted to white pig iron in the thin layer nearest to the shaft, apparently by the cooling and 
hardening action of the shaft and bush combined. The propeller shaft could, as a consequence, not be 
drawn, and, in order to remove it, the stern tube had to be removed, split up, and after removal of the 
shaft, welded electrically and refitted. From this experience it would appear as if cast iron oil-glanded 
bushes were not so suitable in icebreakers as the old-fashioned lignum vitae bushes. 


Some other examples of damage caused by the frost in cold climates may be of interest to the 
members : 


In one steamer, where there was no intermediate plate fitted for supporting the tubes in a long 
condenser, the engineers had, when the vessel was being laid up for the winter, overlooked clearing the 
condenser tubes of water. When, in the following spring, the vessel was to be put under steam, no 
vacuum could be obtained, and when the condenser was opened up it was discovered that numerous 
tubes, having been nearly full of water through being bent down, were burst by frost, causing the 
owners considerable delay in retubing the condenser. 


Another steamer—the same Norwegian boat where the propeller had burst—was under way out from 
Stockholm in ballast after completion of repairs. She was under convoy by one of the icebreakers 
through the channel in the Kanholm Fjord, when, a little while after the icebreaker had turned back to 
Stockholm and left her to proceed, it was observed that she leaked badly in the after hold, so badly that 
the pumps could not keep the water under. Through the pluck of the master, and especially of the 
chief officer, the leak was discovered to be under one of the sounding pipes, and, although the ice-cold 
water was then standing half-way up the legs of the officer, he managed to bring a handspike wrapped 
with canvas through the hole, so that the pumps could master the leak until, on her return to Stockholm, 
the vessel was able to be docked. It was then found that the sounding rod had very seriously thinned 
the plate, which had probably given out when the icebreaker turned round and some pieces of ice had 
been thrown against the side of the escorted vessel by the propeller current from the icebreaker. 


Many years ago an old British master entered my office one morning and asked me to come on board 
his steamer three or four days later, when her coal cargo had been discharged. The Captain stated that 
he had observed, the night before her arrival, that the vessel had struck something, probably a floating 
piece of ice. He went on to say: ‘She is perfectly tight, you know, and I do not think you will find 
any damage worth mentioning. She is as staunch and as strong as a rock.” The following day, when 
about one-third of the cargo had been discharged, I passed this steamer in a tug boat, when I observed 
that the forepeak was wide open to the sea, the damage having just appeared above water, and she was 
looking rather like a big whale with its upper lip above water. I at once went on board, finding the crew 
busy clearing the upper peak from ropes and stores. When the hatch to the lower peak was opened the 
Skipper saw, to his amazement, the green water of the harbour underneath. The vessel was built of iron, 
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in 1883, or thereabouts, and stem plating and most of the frames had been practically sheared off nearly 
up to the collision bulkhead, which was, however, admirably “staunch and strong” and had kept practic- 
ally tight. To cause such damage the floating piece of ice must have been of considerable size and hard 
consistency, and I venture to assume that vessel had been stopped and backed away from it, as, otherwise, 
she would hardly have been able to make headway. 


It is interesting to observe the different behaviour of the iron of the eighties, and steel, in resisting 
ice damage, and I will cite here only three instances which will illustrate this difference : 


Plates renewed Plates taken Plates faired 
off and faired. in place. 
Pron eB P OUIS tas: ockiatcsses ore e:) 4 2 
Tron? ss fer? SENT ye, Ho5. ce: 35 7 12 
Bheel es: BMV Bea’ HP sate oe 12 24 6 
Frames renewed Frames taken Frames faired 
wholly or partly. out and faired. in places. 
MENTE ees el Ti Ries cesn cesecdl cdess aes 17 0 8 
PONE AR, EEA, at wasecs cevages<eoceoO) 0 60 
IGBU Rr a MTA cod dean spss aesess 6 0 137 


This comparison is another of many proofs of the immense economy to Owners and Underwriters 
obtained from the use of Steel in ship construction. 


In conclusion, I beg again to express my great appreciation and my admiration of this paper which 
will, no doubt, prove to be of considerable value not only to the Society’s Surveyors but to Owners and 
Underwriters, if it should be allowed to be published. 


Mr. G. W. JORGENSEN. 


I wish to thank Mr. Thomson for his very interesting and lucid paper on “Ice Navigation and 
Damage in the Baltic.” There is really very little to say in addition to what Mr. Thomson states, but 
I may perhaps give some points out of my experience in dealing with ice damage cases. 

For vessels used in ordinary trade to the Baltic or other ice zones the increased thicknesses of shell- 
plating with double-riveted seams and smaller frame spacing forward or otherwise as per Section 41 
of the Rules afford, in my opinion, a reasonable resistance when precautions to prevent damage 
through ice as a whole could not be made. The effect of web frames in fore hold, spaced four frame 
spaces apart, does not, in my opinion, correspond with the expenses and loss of space involved by them. 
Extra stringers are only useful if they happen to be level with the ice. 


The occurrence of deterioration of the bow plating behind the frames may be mentioned here as a 
frequent cause of increasing the extent of ice damage. The tendency to deterioration there could be 
minimized by coating the plates behind the frames with oil. 


Plates fractured by pressure of ice often show signs of having been locally heated and faired in 
place at some earlier occasion; such treatment should preferably be avoided, at least when the 
temperature is low. 


More or less damaged stems are often met with, whether protected by stem shoes or not, but the 
shoes with their riveting through five sections are nearly always damaged when a vessel encounters ice. 
The effect of such shoes is therefore problematical, but the rabetting of the shellplating into the stem no 
doubt affords a good protection to the plating. 


Some cases of gudgeons broken away from rudder posts have been successfully overcome by electric 
welding of new gudgeons to the posts. 

The general practice in small vessels to case in the rudder heads in narrow, cylindrical trunks and 
the difficulties arising when examination of twisted or bent rudder heads is required, raises the question 
of easier access to this important shaft. Facilities for unshipping the rudder in dock or afloat are 
not always available at ports of refuge subsequent to ice damage. In some vessels built in this district 
ample spaced rudder trunks of square sections have been fitted. These trunks have been provided with 
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openings covered by bolted and packed doors for the purpose of examining, cleaning and painting the 
rudder head—a very great improvement indeed. 

A centre line scratched both sides of new rudders and rudder heads, as mentioned in 
Mr. A. Fletcher’s paper 1921-22, “The Manufacture of Iron and Steel Forgings,” page 7, would 
certainly be very useful in showing the character of a twist or bend, or in directly indicating the 
affected section, as the case may be. 


Mr. J. A. C. von ROSEN. 


It is difficult to comment on Mr, H. J. Thomson’s paper, as the whole ground has been covered in 
such an excellent manner. 

The remark regarding the intermediate frames has my full support. This arrangement most likel 
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originates in a makeshift, when old ships required strengthening. Close framing is in my opinion more 
efficient, but the most important strengthening is the increased shell plating, as the typical damage is 
indented plates between the frames ; in many cases these plates, of course, are somewhat worn. 

Last winter the new Danish Government icebreaker was in active service through the whole of the 
ice period ; several vessels without ice strengthening followed the icebreaker and had the bows indented ; 
in one instance the same vessel was repaired twice. The impression is that no vessel should navigate in 
the wake of an icebreaker without being strengthened. 

As regards twisted rudders, I have been told by a captain of an icebreaker that these damages occur 
when the vessels go astern without keeping the rudder in central position. 

Regarding the strength of sternposts, in a case where a big twin-screw steamer, through ice 
damage, had one of the rudder gudgeons torn out of the sternpost, it occurred to me that the section of 
the sternpost was rather small to bed the heavy gudgeon properly. 


Mr. H. McCrrricx. 


I have much pleasure in congratulating Mr. Thomson on his very instructive and interesting paper 
ot Ice Navigation and Damage. 

The contents of the paper cover a very large ground in a concise way, and bring to one’s notice 
many points concerning the dangers of Ice Navigation and the means adopted to minimise the damage 
resulting from same. 

In dealing on page 10 with the question of the sea water inlet valves on a motor vessel becoming 
choked with ice, and the danger resulting from same through the overheating of the engine cooling 
jacket, &c., through no proper means having been devised to give proper warning to the engineer that 
the flow of water has ceased in the pipes, Mr. Thomson will be interested to know of a device that has 
recently been mentioned in the technical papers. This device will give warning as soon as the flow of 
water ceases in any pipe to which it has been fitted. It is known as a Monitor Valve and is fitted in 
the pipe line through which the water is passing. I understand there is a cone in the valve, and due 
to the shaping of same the flow of water through it is approximately proportional to the indicator 
readings outside. An electrical arrangement is embodied in this valve, and as soon as the flow of water 
through the pipe ceases an indicator lamp goes out and an alarm bell rings and warns the engineer 
in charge. 


Mr. P. Ere. 


Mr. Thomson is to be congratulated on giving the Staff Association this instructive paper on such 
an interesting subject. He. deals so thoroughly with every aspect of his subject that there is very little 
room left for discussion. In this country we do not suffer to quite the same extent as our Eastern 
neighbours from ice dangers, but we do get some very severe winters, when most of the ports of Hastern 
Norway become closed, not for any lengthy period, however. It has not become necessary for the 
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Government to run ice-breakers, as the principal ports, Oslo, Fredriksstad, Drammen, &c., own their own 
ice-breakers, which make and keep open a navigable channel during the ice period. These ice-breakers 
are, however, small vessels, but very strongly built, with large engine power. Most of the vessels trading 
regularly on the coast are more or less specially strengthened, and may force their way through quite 
thick ice and ice sludge. I have in mind one of my visits to an out-port, Christianssand, two years ago. 
Coming a little south we met with the drift ice, which had been blown over the Skagerak from the coast 
of our Swedish colleagues (no doubt they had already had more than enough of it). Our little steamer 
(she was only 425 tons, built 1859) had to work very hard, had simply to “ bunt” her way through ice 
about 20 inches thick, for three hours, on a distance usually traversed in about 20 minutes. It was very 
interesting to watch the process and to see how well the vessel stood up to the strain. 


Mr. Thomson gives many interesting cases of casualties due to ice pressure, and another one might 
be mentioned. A Norwegian vessel some time ago was caught in the drift ice, was carried ashore, 
breaking her propeller, tail shaft and rudder, was refloated by the ice, and again carried ashore and 
refloated, before being salved and brought into port. As may well be imagined, she was not quite free 
of damage. 


Mr. Thomson remarks, on page 8, that an “ice notation” is not recognised in any way by 
underwriters. This also applies to Norwegian underwriters. What then is the value of such notation ? 
There appears to be little use in going to the additional expense of fitting ice strengthening if no 
reduction in the premium is given. 


With reference to the various cases of damage, Mr. Thomson has gone very fully into these, and leaves 
little room for discussion. Regarding twisted rudder heads, should not these be annealed ? Under 
paragraph 6, page 9, might also be mentioned damage to main engine, cylinder, stuffing boxes, etc. We 
haye had quite a number of cases in this district, 


The figures 19 and 20 are very instructive, showing at a glance the requirements of the various 
classification societies. I agree with the author that it would be more reasonable to fit extra stiffening by 
stringers at right angles to the buckling. 


Referring to ice-belt plating, the case might be mentioned of a large floating whale-oil factory, 
which was fitted with an ice-belt planking of 3 in. oak plank from the light waterline to load line. This 
vessel works in the Ross Sea, where she may be subject to large masses of ice. 


Lastly, I venture to ask Mr. Thomson to correct the map shown on Fig. 1, as the important Lofoten 
Islands, wee which project into the Atlantic from about Narvik, are left out, also the port of 
Hamburg has changed places with Bremen. 


I again take the opportunity of thanking Mr. Thomson for his paper, which has provided me with 
yery interesting and instructive reading. 


Mr. L. C. Davis. 


Mr. Thomson’s paper contains a lot of information upon a very interesting subject, an intimate 
knowledge of which is necessarily confined to those whose duties take them into ice-bound regions, but the 
dissemination of the experience thus gained is invaluable to a surveyor who aspires to being an all-round 
man at his profession. 


I should like to ask the author how the forward propeller is housed in ice-breakers so fitted, as it 
would appear that the raising of the bow during crushing operations would bring the propeller blades up 
into contact with the ice. 

Mr. Thomson draws attention to the damage to which internal combustion engines are liable from 
the failure of circulating water due to the injection valves becoming blocked with ice and the further risk 
baby by the inrush of ice-cold water when alternative sea connections are opened to maintain the 
supply. 

___Some builders of marine Diesel Engines arrange an independent circulation for pistons and jackets of 
distilled water, cooled by sea water circulation. Under ordinary sea-going conditions the system has the 
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be better in the second treatment to raise the castings through the first critical range, then cool down 
quickly to just below, say to Mr. Ripley’s figure, of 690° C., and then slowly cool during the annealing 
process. 

I cannot understand why steel founders in this country insist on giving steel castings a coat of rust ; 
this seems to be the only time when rust is appreciated for its artistic merits. 


Mr. Ripley has given us a very excellent paper, for which I am sure he will receive the thanks of all 
members of the association. 


Mr. G. WEBSTER. 


Mr. Ripley, in his very interesting paper, draws attention to semi-steel, which is now coming very 
much into prominence due to the rapid strides which the Diesel engine has made in recent years. One 
interesting, and also very important point to which attention is drawn in regard to this so-called steel, is 
that annealing impairs the tensile properties of the material. I will be glad if Mr. Ripley will state if the 
same effect is found in any other kind of steel, or if this peculiarity is a property of the cast iron which, 
as Mr. Ripley points out, this material closely approaches. 

The question of the position and nature of headers is also an important consideration in the making 
of ships’ castings. A number of stern frames made in Japan fractured through the sole piece near to the 
propeller post. The header was arranged as shown in figure 4 of the paper, but in addition the broad 
sole piece tapered quickly into the thickness of the propeller post. This sudden discontinuity of section 
would in itself tend to cause a concentration of stress at a section already weakened by the position of 
the header. 

It is perhaps a little surprising in a paper of this nature that Mr. Ripley has not referred to the 
“last word” in steel making, viz.—the high elastic limit steel. It would be interesting if he would 
describe the essential differences between it and the present day mild steel, and state whether the different 
firms making it are obtaining anything like uniformity of results and what is the percentage of discard. 
Tt seems bound to play a very important part in the future of shipbuilding and might possibly replace the 
present day steel as the latter replaced iron. 

Another kind of steel not mentioned in the paper is stainless steel. Up to the present its use has been 
very limited, although there would appear to be enormous possibilities for its adoption in shipbuilding and 
engineering. I will be glad if Mr. Ripley will say if there is any difficulty in obtaining uniformity in the 
physical properties, and if it is nob possible to make the manufacture of this steel on a large scale a com- 
mercial proposition. 

I should like to congratulate Mr. Ripley on his instructive and lucid paper which will undoubtedly 
be a great boon to all surveyors who have not the opportunity of following and studying the manufacture 
of steel closely. 


Mr. J. Harporrue. 

I have read Mr. Ripley’s paper with great interest and pleasure. 

His descriptions of the various processes are very instructive, and many of his notes would do a lot 
of good if they were specially broadcasted to builders who use cast steel. I quite agree with his statement 
that in many cases the pieces provided for mechanical testing are not truly representative of the castings 
to which they are attached. In many cases a careful examination of a casting after it has been in pickle 
has shown defects, although the analysis and mechanical tests have been good. The use of sal-ammoniac 
should be abolished. The only thing it does is to rust up small cracks. 

Steel castings should always be carefully and properly annealed, if only for the fact that the yield 
point is increased, as in the instance quoted, from 12°6 tons to 16 tons per square inch. The yield point 
of cast steel is not appreciated as it should be. As Mr. Ripley states, so far as tensile and bend tests are 
concerned, no difficulty need be experienced in getting perfectly satisfactory figures in the “as cast 
condition "—that is, without heat treatment ; but (and this should be specially noted), “ material in this 
condition is unreliable under shock conditions.” I know one firm which has had a bad experience with 
such castings. To come back to the yield point, Mr. Ripley states that for good steel before annealing 
this is, say, 12°6 tons. Weil, I had some which had stood all the Society’s tests, and the yield point was 
under 10 tons. Probably the amount of welding found on the casting didn’t help this figure, but the 
designer took his load at 28 tons on the square inch, whereas breakdown started at 10 tons, or the yield 
point. Cracks started, and in time the casting would have given out entirely. 
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Tn many cases where cast steel crank webs were used I have seen the webs crack from hole to hole, 
and this went on until a different allowance for contraction per inch of diameter of shaft was used, which 
a op a Sona pas elastic limit 
eS ae Oe Bitived at OY. modulus of elasticity’ 
any material. This is a better way than having the material in a state of undue strain. 

With regard to the welding of castings, I would suggest that any steel casting which takes the p'ace 
of any part transmitting forces, such as a connecting rod, crosshead, or piston rod, should not be welded. 
Welding is not allowed in the wrought material, which is certainly more reliable. Therefore why should 
it be allowed on the castings which take its place? I would like to have Mr. Ripley’s opinion with 
regard to annealing. I suggest that all annealing should be done in a proper furnace, as steel imbibes 
carbon very readily, even, as Mr. Ripley says, sometimes in the mould, but no great harm is done. I am 
afraid if Mr. Ripley had to machine over some of these hard spots hé would change his mind. 

I have seen castings and wrought steel pipes made hot in an ordinary fire and allowed to cool out in 
air, possibly witn a blast of cold air coming through an open door. ‘This way of annealing was not 
conducive to helping the good qualities of the material. We still have a long way to go with steel 
castings, both as regards design and moulding, but 1 would say that all castings which have to stand 
alternating stresses should be annealed, then carefully examined after an acid bath (pickle), and should 
not be welded. 

{ thank Mr. Ripley for his paper. 


which gives the amount per inch diameter of shaft for 


Mr. J. F. Roperrson. 


The historical opening whets ones appetite for what is to follow and one has to admit on finishing 
the reading of the paper that the hopes raised at the beginning have been fully realised. There are, 
however, one or two points on which further light would be welcome. 

Speaking of the electric furnace, the author mentions taking hot metal from the open-hearth furnace, 
One would have thought that the metal would be completely refined in the open-hearth without the 
necessity of involving expense by transferring it to the electric furnace for the finishing touches. 

Has it been definitely decided that the metal from the electric furnace has greater fluidity than that 
produced by the Siemens-Martin furnace ? r 

While the electric furnace has much to be said for it for certain classes of work, it is no doubt on 
account of its limited field and probably the cost that has prevented it from being more generally adopted 
for small castings. In this connection would not an ordinary open-hearth furnace of smaller capacity for 
light work meet the objection “ that the metal gets too cold to run satisfactorily ?” 

In the section on “ Semi-Steel” the remark is made that 2 per cent. carbon gives a tenacity of 30 
tons per square inch, and an increase up to 4 per cent. would give a result in the region of 36 tons per 
square inch. I would have thought 40 tons tensile nearer the mark for the higher carbon content. stated. 

Tam not in agreement with the author in the order in which he bas placed the different processes 
of manufacture, in so far as it would appear that each process (except the converter) has a sphere in which 
it may be considered supreme. 

In connection with the results shown on samples taken from castings, as cast, and heat treated, the 
author uses the word “annealed.” Would not the expression “ heat trealed” have been better, in view of 
the fact that in steel works generally, and probably in foundries too, the term “ annealing,” notwith- 
standing its etymological definition, is usually associated with a reduction of tenacity and increase of 
elongation. The results detailed on page 6 are what might have been expected from “heat treatment.” 
This section, however, with the accompanying photomicrographs is particularly interesting and instructive. 

The remainder of the paper, dealing as it does with questions with which the author is in daily 
contact, should be of inestimable value to surveyors who have occasionally to undertake the inspection 
and testing of steel castings. 


REPLY BY THE AUTHOR. 

Mr. W. D. Heck will be interested to hear that certain manufacturers of large steel castings are heat 
treating some of their products in the manner indicated in the paper, indeed, 1 have heard of such 
treatment being demanded by users. I appreciate the point made by Mr. Heck on the subject of 
brackets. With regard to the drop test I would repeat that where important castings are concerned I 
favour its retention. 

With regard to the misplacing of Figs. 2 & 3 I am told the responsibility lies with the grossly 
overworked editorial staff, to whom forgiveness is extended. 


Mr. 8. F. Dorey raises a number of interesting points. I am glad to note he is in agreement with 
me as to the need for some form of shock test. I mentioned the * Izod ” notched bar test because ib is 
one with which I have been in intimate contact since its inception. { am, however, not quite sure that 
the “Izod” is exactly what is required where steel castings are involved, and it may be that the 
“Charpy ” would be the better test to apply. 

Mr. Dorey rightly points out that the “ Izod” test has proved of great value in testing heat treated 
ntaterials for such purposes as reduction gears, guns, torpedoes, &c. It is somewhat difficult. to give 
an “Izod” figure for mild steel castings. I am, however, inclined to view with suspicion any material 
giving a lower average than 20 foot pounds energy absorbed. In my view the usefulness of the impact 
test les in the fact that it provided information of a kind not furnished by any other type of test. It is 
not uncommon to find metallurgical materials giving perfectly satisfactory values for elongation and 
reduction of area, and yet be ina very brittle condition, as shown by the low impact figure obtainable. A 
familiar example is what is known as free-cutting machinery steel. Here phosphorus is deliberately added 
to the bath, yet, judged on results obtained with the usual tensile and bend tests, the material would be 
pronounced satisfactory. 

I have purposely grossly overheated boiler plate and similar materials and still obtained satisfactory 
values with the usual static tests. The notched bar test, however, tells another story. 

Mr. Dorey’s conception of what happens when coarsely grained material is fractured under shock 
conditions is, | think, correct. With normal material the path of rapture is found to pass through the 
cleavage planes of the crystals, rather than round the crystal boundaries. With regard to annealing, 
Mr. Dorey is on good ground. The important point is to ensure that the necessary temperature is 
attained throughout the mass. 

[am glad Mr. Carnaghan is in agreement with me on the subject of heat treatment. I hope I did 
not paint too rosy a picture when on the subject of blowholes. 

Mr. Carnaghan joins Mr. Heck in deprecating the use of brackets between flange and body on valve 
and similar castings. 

In these circumstances my position is obviously untenable, so in “that subdued frame of mind” 
mentioned by Mr. !eck, I plead forgiveness. 

I was glad to hear from Mr. M. Robertson. The casting referred to under the heading ‘“ Heat 
Treatment” was a stern frame. The maximum temperature attained in the annealing process—the firm 
concerned was well equipped for accurate temperature measurement—was 900° C.; the time of 
“soaking”’ six hours. The results shown are by no means exceptional. Similar results haye been 
obtained with large mild steel castings many times. 

Tam sorry Mr. Robertson is still unconvinced as to the general inefficiency of the “heel” header, 
As distinctly stated in the paper, Fig. 4 shows the “ method of feeding adopted in the manufacture 
abroad of a number of cast stern frames, several of which developed defects corresponding in position 
with this type of ‘header.’” No matter how the heel “header” is attached, a moment’s reflection wil] 
show that it cannot function as effectively as a direct “header.” After all, one is not unduly worried 
about the feeding of the thinner sestions, but surely, where a massive section is involved, the obvious way 
is to place a “ header” directly overhead. 

My observations and enquiries, both at home and abroad, encourage the hope that the days of the 
heel “header” for stern frames—or, indeed, for any casting where it can possibly be ayoided—are 
numbered. 

Mr. L. C. Davis has a question regarding the properties required in steel castings subjected to 
alternating stresses. In this connection it seems plain that the more homogeneous and closely grained a 
material is the more satisfactory will be the results, For several reasons, among which may be mentioned 
the length of time necessary for carrying out tests of the “ Wohler” type, and—most damaging 
admission—the difficulty experienced in obtaining perfectly satisfactory specimens, comparatively little 
data relating to steel castings is available. 

It is of course established that the fatigue limit is, with homogeneous materials, approximately 
proportional to the maximum tensile stress. While several methods for the quicker determination of the 
fatigue range have been devised, the older—* Wohler ”—type of apparatus is stijl largely use, 

With regard to Mr. Davis’ query on the subject of semi-stecl, it is the case that with cast iron 
having a total carbon content of less than 8 per cent., some of the carbon is always found in the combined 
condition. 

It is not unusual to find -6 to °7 per cent. combined carbon in semi-steel intended for Diesel engine 
work, 
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Mr. T. Shaw makes a valuable contribution to the discussion. I agree that where trouble is 
encountered with stern frame castings, the point shown on sketch is not infrequently involved. As 
Mr. Shaw remarks, this is a particularly vital position from the point of view of stress concentration. 
This part of the casting therefore, should receive special scrutiny from the surveyor, anything suggesting 
a defect being carefully investigated. Not many months ago I witnessed the breaking of a casting—a stern- 
frame—in drop testing. In this case fracture occurred somewhat forward of the point referred to by 
Mr. Shaw, and had started at a fine “tear” at the base of the casting, a right angle. ‘The percentage of 
large castings requiring local heating is I think decreasing, and can be still further lessened if steps are 
taken to deal with distortion by packing and weighing during annealing. 

With regard to the regularity of temperature obtainable in gas, oil, and coal-fired annealing furnaces, 
my experience extends only to gas and coal firing. I consider the gas-fired furnace to be preferable. 
I believe Mr, Shaw has misunderstood me on the subject of “wild” steel. ‘“ Wild” steel does not pipe, 
but, as stated in the paper, produces blowholes. 

The factors influencing pipe in ingots are many, not the least important of these being that of ingot 
mould design. On the subject of occluded gases I am not entirely in agreement with Mr. Shaw. Where 
metal is cast in an improper —‘“ wild ””—condition, it is a matter of no concern whether a metal (ingot) 
mould, or a sand mould is used, the result is the same—honey-combing. Venting, however carefully 
done, will not produce a sound material. 

Mr. W. Butler refers to the Electric furnace, and I agree that the process is eminently suitable for 
the production of special steels; indeed, the first furnaces of this type installed in this country were 
located in Sheffield with the sole idea of making steels of crucible quality from Swedish raw materials. 
With regard to the remarks of Mr. Butler on the subject of heavy chipping of castings in the unannealed 
condition and the danger attending premature stripping, [ am in agreement. On the subject of 
annealing I would like to reassure Mr. Butler. I believe the risk of overheating to be very slight. All 
things considered, the method of treatment outlined in the paper seems preferable. I am afraid the rust 
habit is too firmly planted to be upset easily. The alternative would seem to be paint. 

Dr. Webster raises several interesting points. Not only is the tenacity of semi-steel lowered by 
annealing, but, what is more important, the superior wearing properties are greatiy impaired. With the 
exception of some of the steels of the high nickel group—25 to 80% Ni.—the tenacity of all steels can be 
lowered by suitable annealing. I had considered that the subject of high elastic limit ship steel scarcely 
came within the limits of a paper on steel founding. However, Dr. Webster will be interested to know 
that the difference is mainly one of quality. The new(?) steel has a somewhat higher carbon and 
manganese content than the usual steel, and therefore a higher tenacity. There is no reason to fear lack 
of uniformity. With regard to discard, with the best practice this need not involve a top cropping much 
greater than approximately 109. 

Stainless steel is making many friends. No difficulty is experienced in obtaining uniformity. Large 
quantities are being made by the Electric process, a process by the way, very suitable for its production. 

Mr. Harbottle raises the question of mechanical testing. We should probably be nearer a solution 
of our difficulties if, in addition to some form of shock test, some quick method of determining the limit 
of proportionality was also available. I agree with Mr. Harbottle that where a casting is replacing a 
forging, the question of welding is to be approached with caution. 

With regard to annealing, my view is that the chances of carburisation occurring during the process 
are remote, indeed, as stated in the paper, my experience goes to show that decarburisation of the skin is 
more likely to happen. 

Mr. J. F. Robertson brings forward a number of good points. With regard to the electric furnace 
as stated in the paper, the question of cost crops up at every turn. The major expense is entailed in 
melting, rather than in the later refining stages. There is no doubt whatever, that where hot metal, from 
say an open hearth plant is available, great economies are possible. The degree and ease of refinement 
possible with the basic-lined electric furnace is far in advance of that attainable with any other process. 

The question of fluidity is largely bound up with that of temperature. Small open hearth furnaces 
are being successfully operated for light work, but again the question of cost interferes. 

I am sorry Mr. Robertson does not agree with the order in which I have placed the different 
processes. Quality of product was the point I wished to stress. It is agreed that each process has its 
sphere of usefulness. I would not except the much maligned Bessemer. I am sorry if my use of the 
words “after annealing” at top of page 6 caused misunderstanding. Perhaps I should have said 
annealing, followed by fairly rapid cooling. 

I cannot conclude without expressing my thanks to my colleagues for their kindly interest in the 
paper. I appreciate very highly the valuable contributions to the discussion, 
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The division of the hull of a vessel into compartments is of more distant period than is generally 
In the account of his eastern travels Marco Polo relates an observation he made at a Chinese 
port in the year 1292. 
of the ships of the larger class have, besides the cabins, thirteen bulkheads or divisions of the hold. I 
These are formed of thick planks let into each other. The object of these is to provide security against 
accidents which may occasion the vessel to spring a leak, such as striking a rock.” Sir George Staunten, 
in his account of Lord Macartney’s embassy to China in 1792-3 also refers to the bulkheads in Chinese 
vessels and gives s me details of their construction, From this description it appears that the hold 
partitions consisted of 
lime and oil or gum, s 
would charter one or more compartments for his goods and would either travel in person or send a 
member of his family to take charge of his property. 
From the statements made by these writers ‘it Would appear that a high standard of subdivision 
persisted as a feature of the desien of Chinese ships for many centuries, and a comparatively recent event 
described in the “ Illustrated London News” for May 20th, 1848, is confirmatory evidence of the old records, | 
This event which is noteworthy in the history of the Port of London, was the arrival in the Thames in 
1848 of a Chinese Junk named the “ Keying” which had sailed from Canton to England round the Horn, | 
the voyage having occupied 447 days. This vessel was divided into a series of watertight compartments 
from bow to stern as is also the model of a Junk which is exhibited in the South Kensington Museum. 
Kighty-nine years before the arrival of the “ Keying” in the Thames the “ Universal ” magazine pub- 
lished an article by an 
receiving such damag 
recommended that transverse bulkheads be arranged in ships, extending to the lower deck, constructed of I] 
plank 2 inches thick, and fitted with sliding doors which Strangely enough were to be kept open and only | 
closed in the event of an accident. 
This, so far as it h 
through the press in th 
Chinese ships is found 
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“Once there was a caravel in a beam sea roll— 
(Cargo shiftee—alla dliftee—no can livee long. 
S’posum’ nail-o boa’d acloss—makee ploper hol’ ’ 
That way, cargo sittum still, an ship mo’ stlong.) 
But before, and before. and ever so long before 
Any square-rigged vessel hove in sight, 
The Canton deep-sea craft carried bulkheads fore and aft. 
And took good care to keep ’em watertight—atite—atite ! 
From Amboyna to the great Australian bight!"— Kipling. 


Describing a feature of the design of some Chinese ships, he writes“. . . some 
2 inches or 8 inches plank, the seams being caulked watertight with a cement. of 


crapings of bamboo being added to the mixture to form a binding. A merchant 


anonymous writer under the title “A method for preventing ships from sinking after 
e€ as must otherwise unavoidably cause them to founder.” [n this article it is 


as been possible to ascertain, is the earliest “modern” reference to subdivision made | | 
1s country, and perhaps the: first practical application of the principle excluding the 
in the “snag room” system as fitted in vessels employed on the western rivers of 


the United states of America. The majority of the casualties to these ships occurred through striking 
“snags” in the river beds and it was for this reason that the vessels were divided into watertight compart- 
This custom certainly dates back to the year 1820. 


» 


A definite scheme to prevent a vessel from sinking after damage was advanced by Mr. Walters, 
architect to the India office, in 1815. This comprised the fitting of copper cylinders between the timbers 
and beams of a ship, and a model was used to demonstrate the efficacy of the idea. 

Sir Edward Belcher, a naval officer, who had discussed this project with Mr. Walters, elaborated the 
scheme in the year 1818 by the suggestion to incorporate into the design of a vessel, airtight transverses 
and hatches with a farther proposal that an apparatus should be installed by means of which air could be 
injected into flooded hold spaces to force ont the water through the holes by which it had entered. For 
several years Sir Edward strongly advocated the adoption of his scheme, but met with no support. His 
opportunity came, however, when in 1830 he was given a fr2e hand by the Admiralty when commissioning 
the “Etna,” his first command. Then, in co-operation with Sir Robert Seppings, he had the vessel 
stripped clean, and refitted with four vertical airtight sectional bulkheads. 

Later, in 1835, he bad the further satisfaction of fitting out the “ Erebus” and “Terror” in a similar 
manner when these ships were detailed for special service in the Arctic and it is interesting to note that 
when on this expedition the “Terror” fouled the ice and lost rudder. sternpost, and after deadwood, the 
vessel was saved, it is related, by the compartment system which had been installed. 

This practical introduction of the transverse system of bulkheads into a ship’s structure for safety 
purposes by Sir Edward Belcher, ‘initiated a controversy which has been waged, with varying intensity, 
up to the present time, and it is interesting to recall a remark made by Mr. C. N. Williams, founder and 
manager of the City of Dublin Steam Packet Company, in a paper read before the British Association in 
1837, on “Improvements in the Construction of Steam Vessels.” 

In this paper the author strongly urged the subdivision of ships into watertight compartments, 
and, referring to the system he had himself adopted, stated ‘The plan is not restricted by any patent 
and all are free. to adopt it, and I expect hereafter to see this principle so adopted and improved that 
the security of steam vessels will keep pace with that greater utility and extension to which they seem 
destined.” As will be seen, it is only at the present time that Mr. William’s expectations are being 
fulfilled. 

The Institution of Naval Architects has interested itself in subdivision from its inception, and 
papers and discussions, in some thirty volumes of the transactions, record the opinions of the members. 
At the very first meeting the subject was raised by Mr. John Grantham, when he made an interesting 
reference to the famous case of the “Sarah Sands,” a vessel built in 1846, and one of the first seagoing 
iron screw steamers to enter the Atlantic trade. 

The heroic instance in the career of this vessel referred to by Mr. Grantham, occurred in 1857, when 
carrying troops to India. A serious fire broke out, followed by an explosion which blew a hole in 
the port quarter, and thus admitted 16 feet of water into the after hold. A ten days gale added 
to the difficulties of the occasion, and it is maintained that it was only through the incidence of the 
transverse bulkheads that the vessel was able to limp into Port Louis, Mauritius, without the loss of a 
single life. 

Requirements relating to the fitting of watertight bulkheads in ships were first included in the 
Merchant Shipping Act in the year 1854. In this Act it was decreed that every steamship of above 100 
tons should be subdivided by substantial transverse watertight partitions. These were to be arranged one 
at the forward end of the machinery space and one at the after end, in addition to the collision bulkhead, 
which was already required for all ships, while the stern tube in screw vessels was to be enclosed in a small 
watertight compartment. 

The inadequate nature of these regulations was later realised by the Authorities, indeed, it was 
recognised that not only were they ineffective, but proved in some cases, mischievous, and it was on these 
grounds considered wiser to leave the designer unfettered in providing requisite strength and security 
suitable to the many forms and sizes of vessels. These subdivision regulations were, in consequence, 
repealed in 1862. 

In 1855, the Committee of Lloyd’s Register, in the first Rules published for iron ships, had 
formulated bulkhead requirements somewhat in excess of the 1854 Board of Trade standard, in that 
the after peak bulkhead was to extend to the upper deck in all ships, and, therefore, when the Board 
of Trade ceased to make provision for subdivision, Lloyd’s Register was the only public body which 
exercised any influence in this direction, and the value of this influence wil] be realised when it is 
recalled that at that time ninety per cent. of the tonnage of the British mercantile marine was classed 
with the Society. 


It was found later that, in many cases, extending the after peak bulkhead to the upper deck greatly 
interfered with cabin arrangements, and, for this reason, in 1857 an equivalent arrangement was accepted 
which provided that the bulkhead should extend to the deck next above the load line, at which deck a 
watertight flat was to be fitted between the bulkhead and the stern. This alternative is interesting, as it 
was also recognised by the 1912 Bulkheads Committee. 

After the disasters to the ‘“ London” and “ Amalia” in 1866 the Council of the Institution of Naval 
Architects recommended subdivision proposals which were a considerable advance on any previously 
made. The Council considered that ships should be subdivided into cellular compartments by both 
longitudinal and transverse bulkheads to such an extent that any two of these could be flooded without 
causing loss of the vessel, and the opinion was expressed that no iron passenger ship was well constructed 
unless it was capable of remaining afloat with one watertight compartment open to the sea. 

At first smull observance was paid to these recommendations, but they received more attention when 
a few years later the Admiralty issued statistics relating to ship casualties. Even then, as might be 
expected, the full proposals were not complied with, and often when bulkheads in excess of Lloyd’s 
Register requirements were fitted, they were of insufficient height and served chiefly as a measure of 
additional strength. 

Amendments were made to the Rules of Lloyd’s Register in the year 1882, when it became a 
requirement that vessels from 280 to 330 feet in length should have an intermediate bulkhead fitted in 
the fore hold, and in the case of vessels 330 feet in length and over a further additional bulkhead was to 
be fitted in the after hold. These bulkheads were to extend to the upper deck in all except awning deck 
vessels, where they might be stopped at the second deck, a practice which it might be observed, in passing, 
materially reduced their value because of the small freeboard to the bulkhead deck. 


BULKHEADS COMMITTEE OF 1890-1. 


In 1887 a Select Committee of the House of Commons was appointed to inquire into the existing 
laws regarding boats and other life-saving appliances, and in the Report of this Committee it is stated 
that “the proper placing of bulkheads so as to enable a ship to keep afloat for some length of time after 
an accident has occurred, is most important for saving life at sea, and is a thing upon which the full 
efficiency of life-saving appliances largely depends.” 

This opinion also received the support of an Advisory Committee appointed by the Board of Trade 
in 1888 to assist the Board in the making of rules for life-saving appliances, which recommended that 
the question of subdivision should be investigated and a committee set up for this purpose. 

As a consequence, in March, 1890, the President of the Board of Trade 7 ean a Committee 
under the chairmanship of the late Sir Edward Harland, which duly reported in the year 1891. 

When this committee began its work there was little information of a definite character available to 
the members, although a considerable amount of evidence based upon very broad and general lines was at 
their disposal. More definite data was, therefore, sought experimentally, models were obtained and so 
fitted that varying arrangements of bulkheads could be made in the hulls. For each experiment the 
compartments were filled with coal, after which water was admitted to one or more of the miniature 
holds and the effect of such flooding in the loaded condition observed. 

By this means the length of compartment was ascertained which, when flooded, would sink the 
vessel to a margin line drawn on the side of the model at a distance below the bulkhead deck of 3 per 
cent. of the moulded depth at admidships and 1} per cent. at the ends. The experiment was repeated, 
assuming the flooded compartment to be at various positions in the length of the model and by this 
means a flooding curve was obtained for the ship represented by the model. 

Complete curves were thus derived for representative high and low powered ships with varying 
freeboards and sheers, and from these curves Tables of floodable lengths were constructed from which a 
flooding curve could be obtained for any ship within the limits of the experiments. 

The Committee fully realised the importance of the density of the cargo carried by a ship upon 
flooding and, although the Tables made no allowance for this factor, diagrams were attached to the 
Report which included floodable length curves for both coal and iron cargoes, these being considered as 
representative of minimum and maximum conditions of lading, from which, if necessary, intermediate 
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conditions could be approximately deduced. The reason why the Committee based their recommendations 
on a coal cargo condition was because it would be impracticable to subdivide a vessel to give either a 
“‘one-” or “two-compartment” standard when loaded with iron. ; 

Using the Tables and the Diagrams given in the Report it was recommended that the standard of 
subdivision should comply with the following grades :— 


Grade I.—Steam passenger vessels, 425 feet in length and above, and all cross-channel 
steamers to be capable of floating with any two adjacent compartments open to the sea. 


Grade II.—Steam passenger vessels, of 350 to 425 feet in length, to be capable of remaining 
afloat with any two adjacent fore body compartments, or with any one after body, bilged. 


Grade III—Applied to steam passenger vessels, between 300 feet and 350 feet in length, 
which were required to float with any two of the three foremost compartments flooded, or with 
any other one compartment. 


Grade IV.—AIl steam passenger vessels under 300 feet in length, and all passenger sailing 
vessels, were to remain afloat with the two foremost, or any other one compartment, flooded. 


Grade V.—Included all cargo steamers above 300 feet in length, and cargo sailing vessels 
above 275 feet in length, which were to be of a one-compartment standard throughout. 


Grade VI.—Applied to cargo steamers of from 260 feet to 300 feet in length, and to sailing 
vessels of from 225 feet to 275 feet in length, which were to be capable of floating with any one 
compartment flooded. 


Suggested regulations were also drafted which had reference to providing such means of closing 
scuppers, discharges, and other openings in the ship’s side, as would prevent admission of water into a ship, 
and an important final recommendation was, tliat where shipowners comp ied with the standard advised 
by the committee they should be relieved of part of the obligations required under the regulations for 
life-saving appliances. 

On this latter point it is interesting to refer to a paper read before the Institution of Naval Architects 
in 1882 by Mr. Dunn, Chief Constructor to the Admiralty. Mr. Dunn there expressed the opinion 
“that if one half the ingenuity and perseverance displayed in devising means of preserving life in the case 
of a ship foundering were devoted to keeping the ship herself afloat, we should attain far better results”. 

The Report of the 1890 Bulkheads Committee is important, representing as it does, considerable 
progress in the subdivision question, and it was the first definite pronouncement of an authoritative 
standard with the purpose of establishing equitable practice. 

There were, however, many weak points in the Report of the 1890 Committee, indeed, the Committee 
itself stated that “the curves and tables cannot be held to apply rigorously to all vessels under all 
conditions, but that they were intended to be used by the Board of Trade as an approximate guide in 
dealing with the question.” 

At the same time the inaccuracy of the results which could obtain through the application of the 
tables was such that they proved of no great value. For instance, in the case of a particular ship, direct 
calculations based upon the conditions of loading laid down in the 1890 Committee’s Report, show that 
to sink the vessel to the margin line two adjacent boiler rooms of a total length of 130 feet could be 
flooded, while the application of the curves and tables in the Report would have permitted the two boiler 
rooms to have had a combined length of 172 feet to produce the same result. 

That the Report could lead to such discrepancies was in itself sufficient reason for its never having 
been generally adopted, but it certainly developed new thought on the subject. The Board of Trade 
found it a rough guide when subdivision cases were submitted for examination and approval. Regulations 
were framed in which the position of the collision bulkhead was definitely laid down, efficient machinery 
space bulkheads and an aftermost compartment required, while the Surveyors received instructions 
regarding the minor recommendations contained in the Keport. Some reduct.on in the amount of life- 
saving apparatus which it was necessary to have on board, was also granted where sliips were subdivided 
to the satisfaction of the Board of Trade. 
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The following is a portion of one of the 1890 Bulkheads Committee’s tables :— 


TABLE —. 
STEaM VESSEL (Low PowWERED). 


| forward 1-28 per cent of length of vessel. 
aft 8 ” ” ” 


12°5 Sheer 


—_ 
~ 


AFT. Distance measured at the waterline from the fore side of stem to middle of 
Minimum freeboard | length of space which may be flooded, in hundredths of the vessel’s length. 
to top of bulkhead | 
deck in hundredths | | ] | | | l 
of the depth at side, | ¢ | r aan = Pid i | re Fo 
amidships measured | | 88 | 87 | 85 83 | 81 79 °\ 97 | 7 | 738 71 
from topofdeckat | || 4 | a | “ 
side to level of top 
of keel. Maximum length of space which may be flooded, in hundredths of the vessel's 
length, the cargo being coal. 
{ [ | | 
| 17 — | 21°5 | 20°6 | 19°8 | 19°2 | 19°0 | 18°9 | 18°9 | 18°8 | 18°8 | 18°7 
19 Petes 21°8 | 21°2 | 20°4 | 19°8 | 19°6 | 19°5 | 19°4 | 19°5 | 19°6 | 19°7 
| 21 — | 22:2 | 21:8 | 21-0 | 20°5 | 20°83 | 20-2 | 20°2 | 20°83 | 20°5 | 20:8 
J | | 
23 — — | 22°4 | 21°6 | 215k} 21:0 |-20:9 | 21°0 | Zi? | J1-4 | 21°8 
25 Sah) = 5] 23°0 | 22°2 | 21°8 | 21°6 | 21°6 | 21°7 | 22°0 | 22°8 | 22°8 
| 
27 — | — | 236 | 22°9 | 22°4 | 22°3 | 22°4 22°5. | 22°8 | 23°38 | 238°8 
: | | | 
| 
| 29 — — | 24°3 | 23°5 | 23°1 | 23°0 | 23°1 23°3 | 23°7 | 24°2 | 24°8 | 
| | | | 


As has been indicated, the Board of Trade had set up and then rescinded regulations for the sub- 
division of ships, the Admiralty had advocated improved standards, but there is evidence to show that 
when chartering troopships, clar ‘tween decks was a desired condition, and while Lloyd’s Register 
definitely required a reasonable number of bulkheads the positions of these bulkheads were not sufficiently 
defined and further it was possible to obtain omission of a bulkhead where the utility of a ship was gravely 
interfered with, always uf course conditional upon equivalent strengthening being provided. 

The long controversy had not, however, been without results, as some improvement in subdivision 
was effected more particularly in the case of passenger vessels. 


ACTION IN GERMANY. 


On January 30th, 1895, the “ Elbe,” a passenger ship owned by the Norddeutscher Lloyd, collided 
with the collier ‘Crathie.” The “ Elbe” was struck in the neighbourhood of the machinery space, and 
sank with a loss of 335 lives, the total number of persons on board being 355. 

This disaster was the subject of an active discussion in the German Reichstag, and as a result, an 
investigation into the subject of subdivision was carried out by the See-Berufsgenossenschaft. This 
inquiry later led to the issue of regulations which were largely based upon the recommendations of the 
British 1890 Bulkheais Committee. 

At first these regulations were applicable to passenger ships on the transatlantic routes only, but when 
slightly modified in 1908, and again in 1907, they applied to all passenger ships sailing on voyages out 
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of Europe. Passenger ships engaged on long coastal voyages were also required to be subdivided, provided 
the length of these vessels exceeded 295 feet, and the keels were laid after January Ist, 1910. No 
amendment of any importance has been made to these regulations since 1907. 
The German scheme has reference to two principal types of ships which are defined as follows :— 
(1) Fast StEamERs.—Ships having a small co-efficient of fineness in association with high 
speed, and which are almost exclusively employed in the carriage of passengers with only a small 
amount of cargo relative to their size. 
(2) CarGo AND PassENGER STEAMERS.—Ships of medium co-efficient of fineness or of full 
form, with moderate speed, which carry mainly cargo with more than 50 passengers. 
These definitions are somewhat broad, and consequently give the designer considerable scope, 
particularly in vessels of the higher intermediate type. 
For each of these two types of vessel there is laid down a definite standard of subdivision, and, as in 
the 1890 Committee’s scheme, grading of the standards is effected by the requirement that the ship 
sbould remain afloat after being damaged with either one or two compartments open to the sea, depending 


upon the length of the vessel in association with a series of standard flooding curves. 

The calculations upon which these curves are based differed from those of the British method in that, 
in the several cases, varying values were given to the permeability, i.e., the percentage of a space which 
can be occupied by water. : 

The grading of the subdivision standards is thus effected compartmentally in association with 
permeability values and change in the length of the vessel, and is in accordance with the following 
Tables :— 

Fast STEAMERS. 
| Permeability (per 
cent.) for all spaces 
LENGTH (feet). SUBDIVISION STANDARD. below the deck to 
where the bulkheads 
extend. 
Above 590 ...| Two adjacent compartments ... = “ | 95 
| ; 
Above 492-590 ...| Two adjacent compartments ... se ee es] 83 | 
»» 394-492 ...| Two adjacent compartments ... Sr a A 662 
» 328-394 ...| The two foremost compartments and any one elsewhere.| 95 
| 
Up to 328 ...| Any one compartment ... 95 
CaRGO AND PASSENGER STEAMERS. 
PERMEABILITY (per cent.) 
LENGTH (feet). SUBDIVISION STANDARD. je : 
: | Machinery and | an other spaces. 
end compartments. | 
nr : —| | 
Above 590 .| Two adjacent compartments ... cr 95 83} 
| 
Above 492-590 ...| Two adjacent compartments ... feel 95 663 
394-492 ...| The two foremost compartments and_ 
| one compartment elsewhere... “ 95 90 
» 328-394 .... Any one compartment... Ran ase 95 80 


» 295-328 ... Any one compartment... 1s as 95 70 


- 
é 


Each of the length grades as defined for the two types of vessels provided for in the German 
epee is associated with a standard flooding curve diagram, drawn with consideration of the 
tabular permeability, and the appropriate curve for cargo-passenger vessels of over 328 to 894 feet in 
length is reproduced (see diagram I.). 

Reference to this diagram will show that the length of the vessel is for convenience divided into 100 
parts, and the ordinates of the flooding curve at any point represent the length which can be flooded 
without sinking the vessel to below the line of the bulkhead deck at side, the position of the ordinate 
being at the middle of the length of the compartment. . 

For instance the compartment at 67 per cent. station may have a length AB which is equal to the 
length of the ordinate CD. 

For fast. passenger ships the standard flooding curves are calculated, assuming a draught equal! to 
two-thirds the depth to the bulkhead deck at side, while those for the cargo-passenger ships have for basis 
an assumed draught equal to three-quarters the depth to the bulkhead oe Should the draught vary 
from the appropriate standard a new flooding curve must be obtained, the ordinates for which are derived 
from cross-curve diagrams, an example of which is also given (see diagram IT.). 

The figures attached to each cross-curve in this diagram, represent the positions of the ordinates on 
the flooding curve as a percentage of the length from the after end of the vessel. 

The after and forward end terminations of the flooding curve will lie on the straight lines drawn 
from points 0 and 100 respectively, which are usually drawn at an inclination relative to the base line at 
an angle whose tangent is equal to 2, but this angle may vary with the scale used. A standard sheer is 
assumed, and this is tabulated in the regulations for varying lengths of vessel. Where the actual sheer is 
smaller than the standard, the depth to the bulkhead deck is to be reduced by an amount equal to the 
mean between the actual and the normal sheer, and conversely in the case where the actual sheer is greater 
than the normal sheer. 

It will be remembered that the 1890 Bulkheads Committee used a fixed permeability, the basis being 
that for a coal cargo, a method which must lead to error when applied to the general case, and the 
introduction of a variable permeability into the German scheme may have been done with the intention 
of taking a more reasonable account of this variable to be more in accord with practice. The method of 
its application, however, does not altogether support this view, for it can hardly be considered altogether 
reasonable to assess a permeability value on a basis of length of vessel. 

Further, the German method assumes that in the case of fast vessels above 590 feet in length, and 
those up to 394 feet in length, it is reasonable that they should be assessed with a permeability value of 
95 per cent. in association with a “ two-” and “one-compartment ” standard of subdivision, respectively. 
This requirement might not be unreasonable in the case of some of the smaller vessels of the cross- 
channel or pleasure steamer types so far as the ends of the vessels are concerned, but it is hardly justified 
in passenger ships of 590 feet in length and above. 

Separate account should in any case be taken of the machinery spaces where the permeability is 
always obviously less than 95 per cent. The regulations also enact that in the case of cargo-passenger 
vessels of less than 426 feet in length, in which passengers are carried in one cargo space only between the 
bulkhead deck and the deck next below, all other cargo spaces containing cargo, the vessel may load to 
the freeboard mark of the See-Berufsgenossenschaft, but the additional draught is not to exceed 10 per 
cent. of the draught upon which the sub-division has been based. ‘This rule implies that no addition 
need be made to the permeability for the transfer of a limited cargo space below the bulkhead deck to the 
service of passengers, and further, it may be observed that no real account is taken in the calculations of 
the numbers of passengers which may be carried. 

This brief account of the German subdivision regulations will be sufficient to indicate the attention 
given to the subject in that country, following the work of the 1890 Bulkheads Committee. 

Contrary to the fate which befell the 1890 Report in this country, the German regulations were made 
statutory, and applied by the Authorities with more or less rigour. 


THE “TITANIC” DISASTER. 


It must not be concluded from the foregoing remarks that with the expansion of ocean passenger 
traffic subdivision was being entirely neglected in this country. 1t was true that the Board of Trade, in the 
absence of definite instructions on the subject, exercised only a limited supervision of the arrangements 


8 


made for passenger ships, but owners and shipbuilders were giving attention to the question, and a 
fairly high standard was being introduced into the design of high-class passenger ships during the first 
decade of this century. ‘Ihe necessity for adequate subdivision was fully realised by the naval architect, 
and desired by the shipowner, but the need was felt for more definition and uniformity on the question. 
But it was probably due to the absence of this definition that, to some degree, the arrangement of the 
bulkheads was subordinated to that of passenger convenience by omitting to carry a bulkhead up to 
the proper deck by fitting openings, and introducing steps and recesses of unreasonable proportions. 


This desire for a reasonable standard is evidenced from the fact that on July 4th, 1911, the 
Merchant Shipping Advisory Committee, in the course of a Report to the Board of Trade on the subject 
of Life-Saving Appliances, suggested that, having regard to the development which had taken place in 
shipbuilding since the issue of the 1890 Report, the Board should review the requirements designed to 
attain the standards as to watertight compartments in connection with life-saving appliance rules. 


Whether this suggestion referred only to passenger vessels is not stated, but it may be observed, that, 
with the exception of the German regulations, all previous recommendations had made some provision 
for the cargo type of vessel. It was the exception rather than the rule in practice for consideration te 
be given to the arrangement of the bulkheads in a cargo ship on a subdivision basis, and the criterion as 
to the number to be fitted was, and remains, the Rules of the Classification Societies. 


The practicability of the subdivision of cargo ships from a safety point of view is discussed later in 
this paper, but it may here be observed, with reference to the Rules of the Classification Societies, that 
deviation from these Rules to meet special service requirements may conditionally be granted at the 
request of the owner. 


Such then was the general position relating to subdivision when, on the night 14th/!5th April, 1912, 
the White Star liner “‘Titanic” sank in the North Atlantic Ocean, due to damage received through 
collision with ice. 


This disaster, which occasioned the loss of some 1,500 lives, caused widespread consternation, and 
the question of safety of life at sea became the subject of a popular press campaign. 


This outcry followed closely the Report of the Advisory Committee to the Board of Trade, upon 
which action would in all probavility have been taken in due course but undoubtedly, the severe criticisms 
aimed at the Board of Trade expedited procedure. 


Practically one month after the disaster, i.e, on May 17th, 1912, Mr. Sidney Buxton, then 
President of the Board of Trade, appointed a Committee to advise the Board of Trade in the interests of 
safety of life at sea. 


The Committee were asked to report :— 


1. As to what, in their opinion, would constitute efficient subdivision with regard to 
each of the classes of vessels included in the Rules for Life Saving Appliances made by the Board 
of Trade under Section 427 of the Merchant Shipping Act, 1894, having due regard to the 
nature of the service in which they are respectively engaged. 


2. Whether, independently of the foregoing, the Committee desire to make any recommenda- 
tions with reference to the subdivision of vessels already built, or of new vessels, which would, in 
their opinion, contribute to safety of life at sea. 


These terms of reference are simple reading, but when the numerous types of passenger carrying 
ships and the very varied nature of their service is called to mind, it will be at once realised that the 
task set the Committee was formidabie. In fact, at the outset of the work, Mr. W. D. Archer, Principal 
Ship Surveyor to the Board of Trade, submitted a memorandum, in which he stated that the subdivision 
clauses then contained in the Board’s regulations for the survey of passenger vessels, were under revision, 
but that up to that time it had not been found possible to formulate a satisfactory scheme. 


This Committee, generally referred to as the 1912/1915 Bulkheads Committee, subsequently issued 
two reporis, the first on November 8rd, 1914, and the second on August 6th, 1915. 


The First Report contained a scheme for the subdivision of foreign-going passenger vessels, together 
with recommendations as to scantlings considered suitable for the construction of transverse watertight 
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bulkheads, and also dealt with numerous minor matters, such as pumps, openings in the bulkheads and 
ships’ sides, &c. 


The Second Report principally contained the Committee’s recommendations for passenger ships 
plying in home waters under Steam 2, 8, 4, and 5, certificates. 


It is important to observe that these reports were issued after the outbreak of hostilities in August, 
1914, as this event diverted both the time and energies of the members of the Committee into channels 
of more immediate importance, and, as a consequence, conclusion was pressed perhaps more hastily than 
weuld otherwise have been the case. 


The work and final recommendations were also influenced by the measures adopted at an Inter- 
national Conference on Safety of Life at Sea, which met in London on 12th November, 1913. 


THE CONVENTION OF LONDON. 


The International Conference of 1913 was attended by representatives of the majority of the Great 
Powers, and held an examination of the methods which might be adopted in order to avoid a repetition of 
disasters similar to that which befell the “ Titanic,” and also in a general manner considered means for 
diminishing the dangers of sea travel. 


After several months work on these subjects a Convention was signed, on January 20th, 1914, by 
Plenipotentiaries representing the United Kingdom, Australia, Canada. New Zealand, Austria-Hungary, 
Belgium, Denmark, France, Germany, Italy, Norway, Netherlands, Russia, Spain, Sweden, and the 
United States. 


The subjects considered by the Conference, and for which rules were formulated in the Conyention, 
may be itemised as follows :— 


1. Safety of navigation. 


2. Construction of ships carrying passengers, notably as regards bulkheads, bulkhead spacing, 
and details of equipment. 


3. Wireless telegraphy. 
4. Life saving appliances and fire prevention. 
5. Safety certificates with which passenger carrying vessels should be furnished. 


The Text of the Convention being signed, it was then anticipated that ratification by the signatory 
governments, together with prompt and appropriate action, would follow, but, on the contrary, the 
position is quite at variance with these anticipations. 

In some countries no action whatever has been taken towards ratifying the Convention ; in others, 
ratification has been authorised, but no effort has been made to carry out its recommendations ; in fact, 
Great Britain is the only Signatory Power which has given practical effect to its obligations. 


The Articles contained in the Convention in application to item (2) above were submitted to the 
Bulkheads Committee and it followed that any scheme of subdivision the Committee might desire would 
of necessity, be required to comply with this expression of international opinion. 


THE BULKHEADS COMMITTEE OF 1912-1915. 


It has been shown that the appointment of the 1912-15 Bulkheads Committee was the direct 
outcome of the disaster to the “Titanic,” and also that the International Conference, which met when the 
Committee had just commenced its labours, somewhat limited its freedom of action. The author nor 
proposes to consider the work accomplished by the Committee, and, in doing so, only those portions of the 


Reports will be dealt with which affect the arrangement and spacing of transverse watertight bulkheads 
in a ship. 
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The following technical terms having special application in the subdivision calculations will be 
referred to from time to time, and they are therefore now defined :— 


The load water line is the water line used in determining the subdivision of the ship, and is 
parallel to the keel. 


The length *(L) of the ship is the extreme length at the subdivision load water line. 


The breadth (B) of the ship is the extreme width from outside of frame to outside of frame, 
at or below the load water line. 


The bulkhead deck is the uppermost continuous deck to which all transverse watertight 
bulkheads are carried. 


The subdivition perpendiculars are at the extremities of the subdivision load water line. 


The margin line + is a line drawn parallel to the bulkhead deck at side line, and three 
inches below the upper surface of that deck at side, the upper surface being the line representing 
the mean thickness of the deck at side. 


The draught (D) is the vertical distance from the top of keel amidships to the load 
water line. 


The freeboard (F) is the vertical distance from the load water line to the margin line 
amidships. 


The sheer (8) of the bulkhead deck at any point is the vertical distance between the beam 
at side line at that point and a line drawn parallel to the load water line at the height of the 
beam at side line amidships. 


The sheer line or margin line for standard forms consists of two parabolas, each with its apex 
amidships (the middle of length between the forward and after perpendiculars drawn at the ends of the 
subdivision load line) and axis vertical, passing at amidships and at the ends through points three 
inches below the surface of the bulkhead deck at side. 


The standard parabolic sheer line is one in which the sheer measured at one-eighth, one-quarter, 
and three-eighths of the length of the vessel from the stem or sternpost is 7%,ths, ;4,ths, and ,',th 
respectively of the shecr at the stem or sternpost. 


In cases where the sheer at either end is not of standard form an equivalent sheer line requires to 
be drawn with its apex amidships, level at that point with the lowest point of the actual margin line, 
and intersecting the latter at a point one-quarter of the ship’s length from amidships or at the end, 
according to whether the actual sheer at the ends is greater or less respectively than four times the 
actual sheer at the quarter length position. The corrected margin line must not in general be above 
the actual margin line at the ends. Diagram ILI. is given in explanation of the method for correcting 
the margin line. 


The block coefficient of fineness of displacement to the load water line is determined by 
dividing the volume of displacement to moulded lines by (L x B x d). 


The permeability (u) of a space is the percentage of that space which can be occupied by 
water. The volume of a compartment which extends above the margin line is to be measured 
only to the height of that line. Volumes are to be measured to the moulded lines. 


The machinery space t is to be taken as extending in length between the main transverse 
watertight bulkheads bounding the spaces devoted to the main and auxiliary propelling 
machinery, including boilers when installed. 


* Also see foot of page 32. 
+ The informal Committce have amended this definition, suggesting that the margin line be measured down from 
the line of least thickness of deck instead of from the mean thickness. 
t The informal Committee added to this definition the words : “. . . and it shall include all coal bunkers,” 
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A flooding curve is one any ordinate of which represents the maximum length of the 
compartment which, when flooded, would cause the vessel to sink to a water line tangent to the 
margin line, the position at which the ordinate is measured being the middle of length of the 
compartment. For convenience the floodable length so measured is usually expressed as a 
percentage of the length. 


Freeboard ratio (4 ) is the ratio between the freeboard to the margin line amidships—i.e., 


the lowest point of the margin line, and the draught amidships to the top of the keel. 


Sheer ratio (z) forward or aft is the ratio of the sheers of the margin line at the forward 


and after ends respectively, measured from the horizontal line through the lowest point of the 
margin line to the draught amidships to the top of the keel. 


The mean waterplane is assumed midway between the load waterplane and that drawn 
parallel thereto, touching the lowest point of the margin line. 


The mean waterplane area coefficient (a) is the actual area of the mean waterplane divided 
by (Lx B). 

The mean waterplane moment of inertia coefficient (n) is the actual moment of inertia 
of the mean waterplane about a transverse axis through its centre of flotation divided by (L' x B). 


The sectional area coefficient (@) for any transverse section is the actual area of that 
section up to the margin line divided by (B x d). 


The work of the Committee necessarily involved an investigation into the subdivision possibilities 
of a large number of various types of passenger vessels, and to facilitate this work, some time was 
devoted to devising a means for obtaining the floodable length curve for any ship by some simple process. 

For this purpose, knowledge of the effect of the form of vessels as expressed by block coefficient 
upon the curves of floodable length was required, and, therefore, to obtain such information a standard 
ship form was selected, having a block coefficient of 592, and from this basis there was developed 
a series of forms of higher block coefficients to a limit of ‘85 by inserting different lengths of parallel 
middle body, while at the same time, suitably contracting the spacing of the end sections. 

In application to this series of standard forms, floodable length curves were obtained, using 
accurate trim calculations for varying freeboards and sheers ; two permeability conditions, viz., 60 per 
cent. and 100 per cent. being assumed for each case. The results of these calculations were eventually 
presented in two sets of twelve cross curve diagrams, one set being applicable to a permeability of 60 per 
cent. and the other to a permeability of 100 per cent. Each of these diagrams gives for a station 
at a specified percentage of the length from aft, the floodable length at that station, account being taken 
for different block coefficients, sheer ratios and freeboard ratios. 

A specimen diagram is given (Diagram IV.) being that for 60 per cent. permeability and for floodable 
length values with mid-station at 30 per cent. of the length from aft. 

The method of using the diagram is indicated by the dotted line, it being assumed that it is required 
to obtain a spot on the floodable length curve at 30 per cent. station for a vessel having *655 block 
coefficient, °37 freeboard ratio and °20 sheer ratio. Then from the reading *655 on the base line scale 
of block coefficient ascend vertically to a freeboard ratio reading of *37, proceed horizontally to meet the 
diagonal curves of sheer ratio at ‘20 from which position descend vertically and read the resulting floodable 
length (25°6 per cent. of the length of the ship) from the appropriate base line scale. 

Thus for the two permeabilities of 60 per cent. and 100 per cent., the curves of floodable length for 
any vessel of standard form can be obtained directly from the cross curve diagrams as indicated. whilst 
for any intermediate permeability the appropriate curve may be obtained as described on page 12. 

Diagrams V., VI., VII. and VIII., have been prepared to indicate the general effect of sheer, block 
coefficient, freeboard and permeability on the ordinates of the flooding curves. 


Referring to diagram V. in the construction of which the forward sheer ratios have been assumed to 
have twice the value of those aft, it will be seen that amidships the effect of change in the sheer ratios is 
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almost negligible, being greatest towards the end terminals, while for equal increases in the sheer ratio the 
consequent increase in the floodable length ordinates gradually diminishes, or it may perhaps be more 
usefully stated that for values of sheer ratio below the average of *15 aft and -30 Pomp there is greater 
reduction in the floodable length ordinates than is the case for equal increases in sheer ratio above these 
average values. 

Diagram VI. shows that block coefficient has no effect upon the floodable length at about 25 and 75 
per cent. stations, while increase of block coefficient reduces the ordinates, aft and forward, of these stations, 
and on the whole increases them towards amidships from these stations. At about 80 per cent. and 70 | 
per cent. stations, however, the floodable length may be increased by both increase and decrease in the 
block coefficient. 

From diagram VII. it will be seen that freeboard ratio has considerable effect upon floodable length, 
particularly amidships. An increased ratio resulting in increased! ordinates throughout the length of the 
ship. It is interesting to observe that for a certain freeboard ratio in a full form low class vessel, the 
floodable length curve is approximately the same as for a fine high class ship with twice the freeboard 
ratio of the full vessel. While this applies approximately to vessels of standard form it must be 
remembered that it may not be so true for a corrected form. 

Diagram VIII. shows that the increase in the value of the permeability has the reverse effect upon 
the floodable length of that due to increasing freeboard ratio, and that for equal increases in the 
permeability value there is a marked reduction in effect at the higher values than at the lower. For 
approximation purposes, however, it is generally sufficient to assume that from a calculated flooding curve 
a corresponding curve can be obtained for a slightly different permeability by assuming that the floodable 
lengths vary inversely as the permeability. Such an approximation does not hold for distinct variation 
in permeability, and in such cases the ordinate for a curve of any permeability intermediate between those 
of 100 per cent. and 60 per cent. as given by the flooding curve diagrams is obtained from the formula :— 


7 oe (474) ibe 100 _ 1) 
a v 


where / = ordinate to the required curve, 
1, = ordinate to curve of 100 per cent. permeability, 
sz ” ” 60 ” ” 
» = intermediate permeability value, 
The expression a ae ts 
2\ 4 
The application of this formula in the calculations will be seen by reference to the worked out example 
in Appendix A to this paper; it might, however, be useful at this stage to make clear a few further 
aspects of the permeability question. 
In any particular flooding calculation, given accurate knowledge of the loading conditions, the sub- 
division can be determined for any required standard of safety, but the problem is not so simple when it is 
desired to establish a system for general application to all vessels. 
For such purpose standard permeabilities must be assumed, and whatever the standard, it is quite j 
possible that never throughout the life of a vessel so subdivided will the conditions be in entire agreement 
with the assumptions made; indeed, the basis of the mathematical calculations may even be quite 
contradictory to the actual service conditions. | 
The only solution, therefore, was to adopt values for the permeability which would be applicable to ) 
average loading conditions., and with this end in view, the 1912-15 Bulkheads Committee made calculations 
for cargo, machinery and passenger spaces below the bulkhead deck. 
It was considered that for the machinery spaces, including associated coal bunkers and double bottom, 
80 per cent. for steam and 85 per cent. for oil engine installations would be reasonable. 
For cargo, baggage and store spaces 60 per cent. was decided upon, while for passenger and crew 
spaces, peaks, trimming tanks and double bottoms, a permeability value of 95 per. cent was recommended. 
A number of independent calculations on this point have been made subsequent to the Committee’s 
Reports, and generally they provide confirmation of the standard values. A useful table of cargo 
permeabilities obtained experimentally will he fonnd in a paper read before the Institute of Naval 
Architects in 1920 by Dr. G. W. Webster. 


') is known as the permeability factor. 
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Due to the difference of permeability value throughout the length of a vessel, the flooding curve is 
not continuous, but is in several portions. One of these is applicable to the machinery compartments, and 
as a mean permeability value is accepted for the portions of the ship forward and aft of the machinery 
space; the flooding curve is continuous in these regions, and consequently three separate calculations are 
necessary to complete the flooding curve. 

This feature of discontinuity in the flooding curve leaves indefinite the length of ordinate to be used 
in the case of a “two-compartment” ship where adjacent compartments are separated by the bulkhead 
bounding the machinery space. In this case the following procedure should be adopted. 

Let 7, be the length of the machinery compartment of permeability, p, and / the combined length 
of the two compartments, assuming p, applicable to both, p, being the permeability of the hold space. 


Then the length of the hold compartment would be a (1-1). 


Another form of this formula is useful. Consider J, and J, to be the actual lengths of the two 
adjacent compartments respectively, then the combined length of the two for comparison with the 


permissible length curve based upon p, permeability will be ( l,+ ee iy ). 
: : , : Bley : 
The following graphical construction for the connecting curves between two portions of a flooding 
curve is of interest, althongh it is usually more convenient to use the foregoing formula for the purpose. 


ws a ee, 
pare 


e’ 
\ 


Beal betihe @ 
olor anes ag Braye 
807, PERMEABILITY Wes 


| 
FIG. 4 


Let AB be the machinery space bulkhead and CD the position at which it is desired to obtain a spot 
on the connecting curve. At E and D draw tangents Ee and Dd. Join e and d, the points where these 
tangents meet the two lines Ae and Ad drawn at angles to the base line, whose tangents are equal to 2. 
Then P, the intersection of the joining line ed with the vertical ED, will be the required spot on 
the curve. 


CORRECTION FOR FORM. 


It has been shown that from the Bulkheads Committee’s standard diagrams the floodable length 
curve can be derived for any vessel having the standard form (coefficients of standard form are given in a 
series of diagrams on plates XX VI. and XXVII. of the 1912-15 Bulkheads Committee’s reports). 

If, however, the vessel differs from the standard due to different distribution of buoyancy throughout 
its length, then a form correction must be applied to the floodable length curve as derived from the 
standard diagrams. 
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This correction for form involves much tedious calculation as will be appreciated from the following 
description of the work. 


FIG. 2° 


In the diagram let A be the position of the centre of flotation of the mean waterplane of the standard 
form, and A, that for the ship being considered, mL being the distance between A, and A where L is the 
length of the ship. “ 

Take any point P on the standard form curve distant x from A, the ratio i being represented by p 

4 
so that the value of p varies according to the position of P. Then the longitudinal position of the point 
P, on the new curve corresponding to the point P on the old is given by :— 


x, ex She Be (: +=) 
n a n 
where n and n, are the moment of inertia coefficients of the mean waterplane of the standard form and 
the new form respectively, and a and a, are the mean waterplane area coefficients of the standard form 
and new form respectively. 

The length of the ordinate M,P, is given by :— 


MP, = MP x™ x & x (: " mP) 
a B, n 
where 8 and £, are the sectional area coefficients of the standard and new forms respectively at MP and 
141° 
The sign to be used in the last factor of the above expressions will be + when the centre of flotation 
of the mean waterplane of the new form is before, and — when it is abaft that of the standard form for 
sections forward of the centre of flotation, and the opposite sign for sections abaft the centre of flotation. 


Where the centres of flotation do not differ materially in position, the factor (2 Eta m*P) may be omitted 


from the expressions for finding x, and M,P;. If then, a fair curve be drawn through a series of points 
throughout the vessel as P,, this new curve will be the corrected floodable length curve to be used in 
substitution for that derived directly from the diagrams for the vessel under consideration. 
Compartments arranged in accordance with this curve are such that when any one is opened to the 
sea, such flooding would theoretically cause the vessel to sink to a waterline which would be tangent to 
the margin line, a condition which represents a so-called “one-compartment” standard of subdivision, 


is) 
STANDARD OF SUBDIVISION. 


As already explained, the 1890 Bulkheads Committee adopted a graded standard of subdivision on a 
one- and two-compartment basis. This system was rejected by the 1912-15 Committee to meet the views 
expressed in the International Convention which required that the severity of the standard of 
subdivision should vary in a regular and continuous manner with the length of the vessel and with a 
“criterion of service.” 

Following this precept it was at first proposed to introduce-a variable margin line, gradually increasing 
the distance of this line below the bulkhead deck, thus giving to the larger vessel increased chances of 
safety after damage, 

The International Conference approved this suggestion in that it would fulfil the conditions 
laid down in the Convention, but preferred the proposal advanced by the Belgian delegation that 
the margin line should be fixed in relation to the bulkhead deck, and that the flooding curve ordinates 
should be reduced by a “factor of subdivision ” which should decrease with increasing length of ship. The 
ultimate effect of the two proposals is the same and the Bulkheads Committee therefore agreed to accept 
the majority vote. 

It was recognised that it was possible without detracting from the service of the vessel, to subject 
ships primarily engaged in the carriage of passengers to a more severe standard of subdivision than 
could be applied to ships carrying relatively few passengers and mainly cargo, a distinction of type which 
had been made in the German scheme. This was arranged by using a different scale of factors of 
subdivision for each of the two types. The fixing of these two scales was more or less arbitrary, and 
the factorial values eventually internationally agreed upon were largely influenced by the German 
standards then in force. 

The Germans increased the standard of subdivision with the length of vessel through a series of 
steps, and the factorial curves of the Convention are, for the mixed type, practically a fair line drawn 
through the average values at each step, and for the purely passenger type of ship a fair line through the 
minimum factorial value at each step. 

Practical experience of the factorial diagram so evolved, has proved it severely detrimental to the 
economic operation of shipping. 

The factorial vaiues for the two limiting types as agreed by the International Conference are shown 
on Diagram IX. (curves B and ©), which also shows the amendment to the C curve for the larger 
vessels, as introduced by the Bulkheads Committee in excess of the Convention requirements. 

The appropriate factor of subdivision for a ship is used as a multiplier to reduce each ordinate of the 
corrected floodable length curve, and a new curve is then drawn through the spots forming the 
terminations of the reduced ordinates. This new curve is termed the “ permissible length” curve, and 
is shown in Figure 3 below :— 


CURVE_OF FLOODABLE 
LENGTH 


CURVE_OF PERMISSIBLE 
LENGTH 


PERPENDICULAR 


FIG. 3. 


___ Suppose that MN be any ordinate of a corrected floodable length curve, and assume the appropriate 
factor of subdivision to be 65. Then the ordinate to the permissible length curve will be *55 x MN. 
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The permissible length curve will not extend to the terminal line drawn from the end perpendicular, 
but, if necessary, it can be extended by the following construction (see Fig. 3) :— 


Let AB=2x AD and BO=4~x DE, A shat the lowest point on the permissible length 
curve from which AB is drawn horizontally. then becomes an approximate point on the 
curve. 


The permissible length curve determines the maximum spacing which may be allowed for the 
watertight bulkheads, and it will be seen that when the factor of subdivision is unity, the ship will have 
a so-called “one-compartment” standard, and when of 50 value a so-called “ two-compartment ” 
standard, while a factorial value of °33 implies that the vessel will float with three adjacent 
compartments open to the sea. 


CRITERION OF SERVICE. 


Having laid down specific values of subdivision for the two limiting types of ship, it was necessary 
to provide a satisfactory means of obtaining the appropriate factor for vessels of type intermediate 
between these two extremes. 

The International Conference delegated this very difficult task to a sub-committee of Belgian, 
British, French and German representatives which met in Paris on July 28th, 1914, but for obvious 
reasons a second meeting was never convened. 

The British Bulkheads Committee, however, for their own purposes, investigated the question, and 
advised reservedly that a suitable ‘Criterion of Service” would be the mean permeability of the whole 
vessel, which was to be determined by taking into account all spaces included in the gross tonnage, each 
at its appropriate permeability value. 

The application of this criterion in association with curves B and C on the factorial diagram was 
such that the subdivision of all vessels 295 feet in length and above, whose mean permeability was 
70 per cent. or less, should be governed by factors obtained from curve B; ships of mean permeability 
80 per cent. or more by factors obtained from curve C ; and for mean permeability values intermediate 
between these limits by a factor obtained from the formula :— 


F =f, — ro (fi — fy) (» = at) 
where F = factor of subdivision to be used 
f, = factor from curve B for a vessel of the same length 
f, —— ay. Saeed, ” C ”, ” ” ” 
» = the criterion permeability 


Thus the 1912-15 Bulkheads Committee provided a complete scheme for the subdivision of 
passenger ships carrying more than twelve passengers. 

As indicated in the foregoing, diagrams were provided from which a floodable length curve could 
be readily obtained for any vessel of standard form, and a method was given to correct this curve where 
the actual form differed from the standard. The “factorial” system was introduced as a means of 
providing additional safety as the length of the vessel increased, and the criterion of service brought 
into the calculations a measure of the vessel's service. “ 

There were also included in the Reports numerous minor recommendations regarding details of 
construction, together with tables of bulkhead scantlings, which were decided upon after conducting a 
number of pressure tests upon actual bulkheads of various designs. 

In the case of the small foreign-going passenger vessels to which even a “ one-compartment ” standard 
of subdivision could not reasonably be applied, a scheme of partial subdivision was to be used which 
graded the subdivision from a “one-compartment” standard down to the provision of bow protection 
only in the smallest ships of low mean permeability. 

The Second Report of the Committee dealt with the Home and Coastal and Cross-Channel type of 
passenger vessels, for which a special graded system was recommended. 

Details concerning the subdivision of these small passenger vessels require special consideration, 
and are fully dealt with in that portion of the paper devoted to the work of the Informal Committee. 
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CARGO SHIPS. 


Cargo ships are not made subject to the subdivision regulations, but the majority of these ships are 
built under the supervision of a Classification Society, and in accordance with Rules which contain 
requirements as to the fitting of bulkheads. The precise position of the bulkheads is not specified, the 
spacing being usually determined by the Owner's desire as to the lengths of the holds, therefore the full 

value of the bulkheads from a flotation point of view is not necessarily obtained. Also, in special designs, 
there may be permitted either curtailment in height or the complete omission of bulkheads, conditional 
upon adequate strength compensation being prov ided. 

While it is perhaps preferable that the cargo ship Owner should be left free to develop the 
design which is most useful to his purpose, it might be possible in some ships to improve the bulkhead 
arrangement without in any way detracting from the commercial utility of the vessel. Consideration of 
the flooding calculations might prove particularly useful where ships are engaged as cargo liners and the 
cargo carried is an almost constant factor. Also, in cases where during a voyage itinerary, the ship 

regularly loads and discharges parcels of cargo at a number of ports of call, additional hold divisions may 
prove a distinct advantage. 

The number and arrangement of holds in a cargo vessel is not only dependent upon the cargo carried ; 
often an important factor is the distribution of hatchway openings which must be arranged to suit shore 
facilities, particularly in congested ports where rapidity of loading and discharge are essential if demurrage 
is to be avoided. 

The subdivision of cargo ships to an approved standard must be considered on a basis of the full 
draught permitted by the load line regulations, which is practically a fixed economic factor in their design, 
and it is found in general that in vessels of the three-island type below 430 feet in length it is impossible 
to obtain even a “one- -compartment standard ” of subdivision with the number of bulkheads usually fitted. 

With one bulkhead in addition to the number required by the Rules of Lloyd’s Register, and assuming 
standard permeability, and with the engine space normally situated, vessels of this length might be arranged 
to comply with a one-compartment standard. This condition would also hold for vessels about 330 feet in 
length with two additional bulkheads. 

Where a cross bunker is fitted forward of the boiler room bulkhead, and the cross bunker bulkhead 
can be considered as part of the subdivision, one additional bulkhead might be omitted in each of the 
foregoing cases. No reasonable arrangement of bulkheads will give a one-compartment standard in raised 
quarter-deck vessels. 

Complete superstructure vessels with tonnage openings are a difficult problem from a subdivision 
point of view, and where this type of ship is favoured as cargo carriers but carrying over 12 passengers, 
they could only comply with the regulations by the acceptance of a draught penalty, which would seriously 
discount the utility of the ships in their primary function as cargo carriers. It is almost impossible to 
obtain a one-compartment standard of subdivision in this type of ship of lengths less than 470 feet, 
unless the bulkheads are all carried up to the top deck. 


EFFECT OF THE 1912-15 BULKHEADS COMMITTEE REPORTS. 


The Convention was signed on 20th January, 1914, and an Act, termed “The Merchant Shipping 
(Convention) Act, 1914,” to make such amendments of the Law relating to Merchant Shipping as were 
expedient, or necessary, to give effect to the Convention, was passed in this country on 10th August, 1914, 
but the operation of this Act has been from time to time postponed by Order in Council. 

The Bulkheads Committee had been appointed by the Board of Trade, and its reports were, in effect, 
an interpretation of the Convention regulations, and also included recommendations regarding certain 
questions left over by the Convention for subse: juent investigation and settlement. 

The Board of Trade, in spite of the non-ratification of the Convention Act, decided to take action 
by embodying the majority of the recommendations of the Bulkheads Committee in the “ Instructions to 
Surveyors.” Thus so far as was possible the British obligations under the Convention were fulfilled. 

The minimum standard of subdivision laid down by the Convention for the mixed type vessel was 
included in these instructions for the guidance of Surveyors in the survey of new pai ships, 
the application of the full provisions of the Convention being deferred until such time as the Act might 
come into force. This minimum standard was made obligatory for all foreign-going passenger ships 
carrying more than 12 passengers, the keels of which were laid on or after Ist January, 1916. 
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Vessels whose keels were laid prior to this date were termed “existing ships” for the purpose of the 
Convention, and such of these steamers as were of a mixed type would be entitled to a safety certificate 
if they complied with the minimum standard. Existing ships primarily engaged in the carriage of 
passengers, however, would be required, when the Convention became operative, to comply with such 
further improvements as might be considered practicable and reasonable. 

Thus, in spite of the turmoil in shipping due to the war, the Merchant Shipping Act, so far as it 
related to the construction of passenger ships, was subjected to extensive and exacting amendment. 

Tt was in this manner that, for the first time in this country, a definite scheme of subdivision became 
obligatory, and it was imposed at a period when the industry had little or no opportunity for organised 
criticism of the scheme. 

Criticism, however, was not long delayed, for practical experience of the application of the regula- 
tions discovered many defects, and established the important fact that ships which had complied with 
the regulations were placed at serious disadvantage in competition with exempted ships. 

Considering the conditions under which the subdivision scheme had been devised it was hardly 
surprising to find that the North Atlantic passenger service had been a too predominant factor in the 
development of a solution. It was mainly because of this that under the regulations the mixed type 
of ship suffered considerable inconvenience. 

All types of passenger vessels were embodied in the one scheme, and when it is considered that 
shipping had developed largely on the “ liner’ system over numerous sea routes involving vessels of many 
types, dimensions, and specialised design, the complications and difficulties opposing a settlement of this 
question under one scheme which would be at the same time capable of equitable administration can be 
realised. It is, therefore, not surprising that the acid test of experience found amendment necessary. 

The problem is really two-fold. There are the purely technical considerations which require that a 
floating vessel of peculiar geometrical form should remain afloat when damaged to a greater or lesser 
extent, and there are the economic factors which necessitate certain internal arrangements in the vessel to 
meet commercial requirements. 

The Bulkheads Committee failed to suitably balance these two main aspects of the question, and to 
realise that the degree of application of one to the other varied with type of vessel, length of voyage, and 
the relation between passenger returns and cargo freight. 

Classification Societies have from time to time experienced the great difficulty that exists in formu- 
lating rules which will smoothly grade down to meet the requirements of al! types of vessel, and 
specialisation to meet required conditions is at times necessary. Subdivision rules are therefore no 
exception to the general case, and the problem may be represented, so far as subdivision is concerned, in 
the iiovine broad division of types :— 

1. The small Foreign-going and Home Trade ships. 
2. The Intermediate type of passenger vessel. 
3. Ships of large size primarily engaged in the carriage of passengers. 

That too much weight should have been placed on the consideration of purely passenger vessels 
in the balance of type was undoubtedly unreasonable, for at that time only about eleven such ships had 
been constructed since the year 1900, and in any case the internal design of these ships is so varied that, 
apart from the application of a reasonable standard of subdivision, such vessels will always require to be 
considered on individual merit if fairness is to be maintained. The intermediate type passenger ship 
provided a more suitable basis for a general system of subdivision. 

The scheme as launched upon the shipping industry rendered some types of ships unsuitable for the 
purpose for which they had !een built, weight and capital cost had been considerably increased, and in 
certain cases owners, who had endeavoured to repeat successful design under the regulations, found 
their new vessels subjected to a severe draught penalty, which amounted to as much as four feet when 
compared with the older ship. The following is an analysis of the economic effect on the ships of a fleet 
due to compliance with the regulations :— 


Number of ships in the fleet carrying passenger certificates... ay ce sca 70 
Summer deadweight of these vessels An sF A if eS ... 698,377 tons 
Approximate reduction in deadweight assuming ships not permitted to load beyond a 


Convention draught... ip 175,000 ,, 


Reduction in deadweight in single vessels in the fleet actually built to the Convention rules 2,500 ,, 
Extra cost of Convention requirements irrespective of draught restriction ... -- 8t04% 
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The methods used in the calculations were also adversely criticised, particularly in view of the 
additional labour required in the estimating ‘and design stages. The necessity for working up the gross 
tonnage to obtain an approximate criterion of service was particularly inconvenient, for it usually 
happened that where a design became an order the subsequent alterations to form and superstructures 
considerably modified the estimates. 

For example, in this regard, alteration in size, addition or removal of a smoke room affected the 
ship’s draught. Also, although passenger numbers remained unaltered, increased height of passenger 
spaces, whether above or below the bulkhead deck, would mean amendment to the subdivision standard 
with consequent draught alteration if the bulkheads were already fixed, although these alterations would 
not in all probability affect the safety of the ship as a whole. 


ACTION TAKEN BY THE SHIPOWNERS. 


The unreasonable aspects of the scheme were made the subject of representations to the Board of 
Trade through the medium of a Joint Committee, appointed by the Chamber of Shipping of the United 
Kingdom and the Liverpool Steamship Owners’ Association. Consequent upon the discussions which 
followed, the Joint Committee was invited by the Board of Trade to put forward a scheme which, whilst 
resulting in a standard of safety at least higher than that obtaining at the time of the “Titanic” disaster, 
would remove the hurtful restrictions which handicapped successful design. The Joint Committee 
enlisted the services of Lloyd’s Register of Shipping for this purpose, and a scheme was devised by the 
Chief Ship Surveyor, Sir Westcott S. Abell, K.B.K., and his staff. 

The presentation of these proposals to the Board of Trade was followed by informal discussions with 
representatives of America at Washington, U.S.A., in May, 1920. 

The American delegation could not accept the whole of the British proposals, and a compromise was 
effected which was a partial modification of the Board of Trade Regulations in force in this country, and 
which, after similar discussions had taken place in London with Belgian and French representatives, was 
adopted by the Board as an interim measure and alternative to these regulations. 

The Washington alternative provided a modification of Curve B on the factor of subdivision 
diagram (see Diagram IX.), the new factors being in accordance with the following table drawn up on 
the basis of increased severity in the forward portion of a ship with equivalent relaxation elsewhere 
relative to the Convention standard, and with the idea that the length of no single compartment, nor the 
combination of any two forward adjacent compartments, should exceed nine-tenths of the floodable 


length. 
| FACTORS OF SUBDIVISION. 
| LENGTH OF VESSEL. | —_ Fe 

Fore peak and No.1 | Nos.land2holds | Remainder of 
| Hold. together vessel. 
& 2 re be be ri 
| 

410 90 — “90 

440 ‘90 “90 ‘90 

480 “90 | 90 "88 

510 “90 “90 81 

540 90 “90 ‘70 

570 90 90 “60 


THE APPOINTMENT OF THE INFORMAL COMMITTEE. 


The alternative scheme was not satisfactory to the industry, as it only afforded a limited measure 
of relief in a few special cases. The Joint Committee, therefore, continued to make representation to 
the Board of Trade, and in December, 1920, at the invitation of Mr. C, Hipwood, C.B., Assistant 
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Secretary, Mercantile Marine Department of the Board of Trade, Sir Westcott Abell, K.B.&., Sir 
Archibald Denny, Bt., Mr. J. Foster King, O.B.E., the late Sir Herbert Rowell, K.B.E., and Dr. J. J. Welch 
in consultation with Mr. E. W. Colvill, Principal Ship Surveyor, Board of Trade, met as an Informal 
Committee to consider the criterion of service and other cognate questions concerning the subdivision 
of passenger ships. At the outset this Committee found that there was justification for the allegations 
made by the shipowners, and that the building of mixed type vessels was practically at a standstill. 
As regards Home Trade ships, it was found to be impossible to repeat useful types as passenger carriers, 
and owners were limiting their new tonnage to cargo ships only. 

Examina:.on of designs also showed the development of ships of unusual depth in proportion to the 
length in the endeavour to gain a sufficient length of hold, and that the rules encouraged the carriage 
of passengers and crew below the bulkhead deck. 

The Informal Committee, therefore, concluded that Curve B represented a too severe standard, which 
handicapped ships of a useful type, and in opposition to the public interest, might lead to the segregation 
of tonnage into purely passenger ships, and purely cargo ships, and further, that it did not comply with the 
Convention basic principle that ships should be as efficiently subdivided as was possible, consonant with 
the service for which they were intended. 

This decision made, the Informal Committee continued their investigation into the problems before 
them with a view to amendment of the regulations. 

It is necessary at this point to revert to the continued activities of the shipowners, which were 
coincident with the sittings of the Informal Committee, partly for chronological reasons, but chiefly 
because their work on the subdivision question promises to have considerable bearing upon the adoption 


at some future date of a uniform system applicable to the world’s shipping in fulfilment of the spirit of 
the Convention. 


THE INTERNATIONAL SHIPPING CONFERENCE. 


The shipowners were not content that the matter should be left entirely in the hands of the Board of 
Trade, and consequently the Joint Committee, under the chairmanship of Sir Kenneth S. Anderson, 
Bart., K.C.M.G., continued on their behalf to make independent investigation towards finding a suitable 
solution of the problem, A technical sub-committee was appointed which reported in October, 1921, as 
to the amendments to the regulations considered necessary to meet the economic requirements of the 
industry. An International Shipping Conference met in London in Noyember, 1921, at which the 
experience gained by British shipowners of the Convention subdivision regulations was communicated to 
the various delegations and discussion invited. 

As a result there was formed an International Subdivision Committee, upon which the shipowners of 
the following nations were represented :—Australasia, Belgium, Canada, Denmark, France, Germany, 
Great Britain, Holland, Italy, Japan, Norway, Sweden, and Spain. A preliminary meeting to decide 
procedure was held at the close of the Conference, and the Committee conducted a series of meetings in 
London, in May, 1922, when practically complete agreement was reached on all the major considerations 
which were embodied in a report subsequently presented to, and adopted by the International Shipping 
Conference at its second session held in May, 1924. 

This action on the part of the shipowners of the maritime nations is of considerable importance, and 
this will be realised when it is remembered that, although the Convention had been signed by Govern- 
mental Representatives of the countries embraced in the 1914 Conference, it was found that after seven 
years, the position was completely at variance with the anticipation that prompt and appropriate action 
would be taken to give effect to its recommendations. As previously observed, Great Britain was the 
only signatory which gave practical effect to its obligations. 

The shipowners have now taken the initiative upon themselves, and they have presented to their 
several Governments the reports expressing the views of the International Shipping Conference on the 
question of subdivision, and requesting the adoption of a uniform international system on this basis. 

In this country the Board of Trade was fully informed as to the views of the International Shipping 
Conference, and it is necessary to state the items of major importance as expressed in the Conference 
Report to make clear the differences of opinion which existed between the shipowners and the Board 
of Trade relative to the existing regulations, in order to more readily understand the considerable progress 
which has been made to remove the causes which led to severe criticism of the 1912-15 Bulkheads 
Committee Reports. 
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The standard curves devised by the Bulkheads Committee for obtaining floodable length were 
accepted by the Shipping Conference, but it was considered that any other method which might be 
adopted for this purpose would also be acceptable, provided the results did not differ from this standard 
by 2 or 3 per cent. The factorial method for regulating bulkhead spacing was adhered to, the differences 
of opinion which existed regarding this being subordinated to the view that agreement would facilitate 
the establishment of international uniformity. 

The main argument concerning the factorial system rests with the broad question of differentiation 
between types of ships which merge insensibly into one another, a matter which is without absolute 
solution at the present time. The difficulty arises in passing from the one to the two, and from the two 
to the three-compartment standards. 

If the conditions which arise from increase in-the permeability index, which in turn determines the 
appropriate factor of subdivision he considered, it will be seen that, at some particular value of this 
index, it will be necessary to introduce a bulkhead additional to the number necessary to satisfy a series 
of preceding values. This fact entirely destroys regularity in the effects of equal increases in the index 
of permeability, and it is because of this that the probability of devising a system which will reflect 
continuously, and with mathematical accuracy, the gradual differentiation between types of passenger 
carrying vessels, is very remote. 

The shipowners agreed that an 80 feet length of hold should be obtainable from the application of 
the lower limiting factorial curve, and to meet this requirement substituted a Curve B, for Curve B of 
the Convention. (See Diagram IX.) 

They considered that factorial Curve C of the Convention should be limited by a horizontal line 
drawn at ‘45 factor. (See Diagram IX.) 

This marked amendment to Curve © was made in support of their contention that the State is only 
concerned with insistance upon a standard of safety reasonably consistent with economic considerations, 
and that such a condition is satisfied by an assured maximum two-compartment standard in association 
with special protection forward. 

The Bulkheads Committee criterion of service was unacceptable, and might be substituted by one 
in which the main factor was based upon the permeability of the spaces below the bulkhead deck’ with 
some correcting factor for the total number of passengers carried, measured on a basis of the specific 
volume occupied per passenger. 

The French delegation to the Conference alone disagreed with this proposal, adhering to the 
suggestion they had themselves made, which was for a criterion formula of terms expressing the fineness 
of the vessel in relation to speed and a measure of the passenger function. 

Considerable objection had been consistently raised against the provision in the regulations that the 
lower limiting factorial curve should be associated with vessels carrying only 13 passengers, and the 
shipowners desired that this should be amended. It was considered that the number should increase with 

9 
1000" 

Many ships varied the carriage of passengers and cargo in the "tween decks, and for this reason it 
was desired that one or more alternate subdivision load lines should be granted. 

A number of recommendations of less importance were embodied in the Shipping Conference 
Report, but those given are sufficient to indicate the shipowner’s views, and from the continued account 
of the work of the Informal Committee, it will now be possible to measure to what extent they are 
embodied in the final recommendations made by this Committee to the Board of Trade. 

A complete scheme for the subdivision of the Home and Coastal ships was also devised and 
submitted for the consideration of the Board of Trade. This, of course, was not an international 
measure, as these ships are of national concern only. 


the length of the vessel, and might reasonably be in accordance with the expression 


THE WORK OF THE INFORMAL COMMITTEE. 


In accordance with the preliminary investigations and conclusions of the Informal Committee 
already referred to, it followed that a first consideration should be the amendment to the Convention 
factorial Curve B. 
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Independent study as to the minimum length of hold consistent with commercial utility in ships 

oa approaching cargo ships of about 440 feet in length, led to the fixing of a new Curve A (see 
iagram LX.). 

This it was considered would give a hold length of about 80 feet in the three-island type ship 
eae a moderate number of passengers, and loaded to the freeboard permitted by the Load Line 

ables. 

It will be observed that while the basis is identical with that of the shipowners, there is a marked 
difference between the two Curves B, and A on the factorial diagram. 

This is due to the fact that the shipowners endeavoured to cover all cases which might arise, whilst 
in the application of Curve A it will be found that in some ships, particularly where a reserve bunker is 
permanently fitted forward of the boiler room, both bulkheads being subdivision bulkheads, that Curve A 
will not always give the required length of hold. 

Curve A, however, is not unsatisfactory, and is certainly a distinct improvement to the previous 
standard, and although it is only the upper portion of the curve which is directly applicable, the largest 
of the lower type of ship being only of moderate length, the complete form of the curve now renders 
interpolation through the criterion of service much more reasonable and equitable throughout the range 
of lengths of foreign-going passenger ships. 

As regards the upper limiting factorial Curve C, the Informal Committee rejected the view taken 
by the Shipping Conference that this should be terminated by a horizontal line at factorial *45, but 
considered that the highest standard might be a three-compartment one in the longest ships, thus 
reverting to the Convention requirement. 

It might be suggested that so far as Curve C is concerned all vessels should have the same standard of 
subdivision if designed for purely passenger traffic. Such a suggestion is impracticable, {or only in the 
largest vessels can a three-compartment standard be reasonably obtained, and also the passenger vessel 
of average length carrying practically no cargo is very exceptional. . 

Apart from the largest ships, the nearest approach to this type is the cross-channel ship, and as will 
be shown later when the Home-Trade ships are dealt with, these vessels require about thirteen bulkheads to 
comply with even a two-compartment standard, the length of these vessels being about 300 feet. The 
value of Curve C must lie in the close relation it bears to practice, and from this point of view its present 
form is not unreasonable, although it is hardly likely that any but the largest vessels of highest type will 
have factors taken directly from this curve. 

Although the Informal Committee could not recommend the limitation of Curve C at factorial *45 
they did recognise the fact that the highest class of passenger ship presented difficulties of design peculiar 
to this type of ship, which necessitated their being largely considered on their merits so far as subdivision 
was concerned. In this light, therefore, the three-compartment standard is regarded as a limit of require- 
ment, but any amendment to the position of transverse bulkheads giving this standard from geometrical 
considerations could only be permitted when equivalent safety was provided. Thus, for the two limiting 
types of ships, the variation in factors of subdivision are as indicated by Curves A and © (Diagram LX.), 
of which the co-ordinates represent length of ship and the value of the factor. 

For convenience the equations of these curves is given. 

The relation between the co-ordinates which express the minimum requirements for ships of the 
“mixed” type 430 feet in length and upwards is given by the formula :— 
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L — 198 

For ships of the “passenger” type not less than 260 feet in length and not exceeding 330 feet in 
length 


+ °18 


Ao 800 : 
C= Cus + °075 

and for lengths exceeding 330 feet but not exceeding 900 feet 
ae 

aba 


where A and © are factors of subdivision and L is the subdivision length of the ship in feet. 


+ *202 
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The reason why Curve C is derived from two formule resulted from the desire of the Informal 
Committee to depart as little as possible from the Convention Curve. This refinement is, in my opinion, 
confusing and wholly unnecessary, particularly in view of the drastic amendment to the Convention 
Curve B. 

For a given length the value of the factor of subdivision appropriate to a ship between the two 
extreme limits will lie between the values of the factors A and C, and will be automatically fixed by the 
Criterion of Service Numeral. 


THE CRITERION OF SERVICE. 


As previously stated, the International Conference which drafted the Convention was unable to 
recommend a suitable Criterion of Service, and the problem was left over for consideration at a later date. 
The 1912-15 Bulkheads Committee essayed a somewhat hasty solution by suggesting that the Criterion 
Numeral should be fixed by the mean permeability of all spaces in the ship which were included in the gross 
tonnage measurement, 

This method proved unsatisfactory, and it became the allotted task of the Informal Committee to find 
a Criterion which would operate fairly as between ship and ship. 

It would be impossible to follow the investigations of the Committee through the numerous channels 
which were explored to find a solution to this question, and discussion will therefore be confined to the con- 
siderations which led up to the final recommendations made to the Board of Trade. 

It is necessary in the first place to endeavour to understand the meaning of the term “service” as 
used in the Convention. 

In Article 17 it is stated that “ships shall be as sufficiently subdivided as is possible, having regard to 
the nature of the service for which they are intended,” and it is further made clear that the “Criterion of 
Service” should gauge or measure the intended “ service ” of passenger vessels. 

Ships having the greatest factor of subdivision for their length are defined as being engaged in a 
‘mixed cargo and passenger service,” while those having the least factor of subdivision for their length 
are “ships permanently engaged in the carriage of passengers.” 

While, however, the passenger ship is defined as one carrying more than 12 passengers, the Convention 
gives no indication as to the numbers which are to be associated with a “mixed” or “purely passenger” 
type of vessel. Thus the Convention does not make clear its intention or even recommend what factors 
should constitute a Criterion of Service, and it cannot be assumed that the numbers of passengers carried 
should be the only item to be taken into consideration for this purpose. 

Rather, it is more reasonable to conclude that the Criterion of Service was to be a measure of the 
decrease of the cargo function, and the corresponding increase of the passenger function as a vessel passes 
from the type which is hardly distinguishable from a cargo ship to the type which is primarily engaged in 
the carriage of passengers. 

As a general proposition, therefore, it will be seen that the change in passenger function involves a 
change in the relation between the passenger volume, the cargo volume and also the machinery space 
(which may vary from about two to seven-tenths of the total volume of the ship below the bulkhead 
deck), as vessels are placed in a graded sequence between the two limiting types. 

To establish such a sequence it was necessary in the first place to form some sort of physical picture 
of the types of vessel to be associated with these limiting types which might be expressed as follows :— 

(a) The lower criterion limit to be applicable to vessels of small machinery space, a nominal 
number of passengers with maximum cargo space. 

(6) The higher criterion limit to apply to vessels having large machinery spaces, maximum 
passenger accommodation and minimum cargo space. 

Having established these ideas of criterion limits, a large number of actual ships were placed by 
careful inspection of outstanding features in graded sequence at, and between these limits, and used as test 
cases for any proposed criterion ; that is, any criterion, when applied to these ships, should in general 
maintain the order of their placing. 

From the above interpretation of the Articles of the Convention dealing with criterion it would 
appear that space must be a dominant factor in the criterion, and as it is the increase of passenger and 
machinery spaces which indicates the degree of service of the vessel, the criterion should be a measure of 
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the volumetric capacity of these two factors, and at the same time be sufficiently sensitive to the transfer 
of spaces originally used for one purpose to some other. Also, since the effect of increase of machinery 
space is greater than the consequent decrease in passenger space, the criterion formula must be such as 
will satisfactorily balance these changes and so avoid giving undue prominence to one or the other factor. 

The most important part of a ship from a subdivision point of view is that situated below the 
bulkhead deck, and it would be unreasonable if the factor of subdivision appropriate to any criterion was 
affected by structural changes in the deck erections which neither increase safety nor necessarily affect the 
number of passengers carried. 

For example, the alteration in size or the addition or removal of smoke rooms, dining rooms, or the 
increase in height or area of passenger cabins situated above the bulkhead deck, should not affect the 
vessels draught through a variation in the criterion. Further, it is difficult in the initial stages of design 
to determine the precise nature and form of erections above the bulkhead deck, and for this reason also 
direct measurement of these spaces for criterion purposes should be avoided. Some account must, 
however, be taken of the above deck spaces in the criterion, because through the accommodation they 
provide they are a part measure of the vessels “service.” 

Accommodation when situated below the deck is in an entirely different category, and when increased, 
involves a consequent increase in the provision of subdivision safeguards. 

Although space is an essential factor of the criterion it must be readily translatable into number of 
passengers, and this feature suggested a simple and reasonable method of dealing with the above deck 
passenger spaces in the criterion. 

A further condition imposed upon the criterion is that it should not be possible to alter the criterion 
by the simple transfer of passengers from above the bulkhead deck to below, and vice-versa, as for 
instance, by fitting out a dining room below deck for passengers formerly carried in the erections. This 
difficulty was overcome by the provision of a fixed allowance of volume per passenger irrespective of the 
position of the accommodation. 

Space allotted to passengers below the bulkhead deck can from physical consideration alone only 
accommodate a certain number of persons, i.e.:—there is in the limit some relation between passenger 
numbers carried below the bulkhead deck and the total volume available to their several purposes, and in 
criterion parlance this relation is termed ‘the specific volume per passenger.” 

An appropriate value for this term was derived from the analysis of existing practice, it being found 
to vary approximately with the length of ship. Knowing therefore, the total space to be devoted to 
passengers below the bulkhead deck, the total virtual number of passengers which can be accommodated 
can be obtained. 

This space theory having been evolved, it is necessary to consider its application to practice through 
a criterion of service. 

If the volume of available passenger space below the bulkhead deck and also the total number of 
passengers carried remain constant, but in order to obtain better accommodation a number of these 
passengers be transferred to the superstructures, then so far as the question of safety of life is concerned 
the position is unchanged. For as the vessel itself below the bulkhead deck is unchanged, as the number 
of passengers is constant, the “service” is unaltered, and since the erections neither add to nor detract 
from the efficiency of the subdivision, it would follow that the criterion as a measure of safety should 
remain unaltered. 

On the other hand, should more passengers be crowded into the below deck space than corresponds to 
the permissible numbers as based upon the specific volume per passenger, there would be an increase in 
the passenger function and the criterion should reflect this by a corresponding increase in value. 

Again, there may be berthed on board, above and below the bulkhead deck, more passengers than 
corresponds to the below deck standard number, and it is again necessary that such a condition should 
result in an increased criterion value. 

It would, therefore, appear that if the criterion was to conform to the above conditions it would need 
to consist of two formulz. One of these formule would include a factor involving direct measurement of 
the actual volume of the passenger spaces below the bulkhead deck, and in the other this factor would be 
substituted by a passenger volume obtained by multiplying the total number of passengers carried by the 
specific volume per passenger, and this substitution would become operative in all cases where the volume 
represented by the product of the number of passengers, multiplied by the specific volume per passenger, 
exceeds in amount the total actual volume available to passengers below the bulkhead deck. 
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In the measurement of passenger spaces below the bulkhead deck, crew spaces should be included, 
since the possession of such accommodation involves additional openings in the ships side, and such spaces 
van be utilised at will for passengers. It is also desirable to include these spaces, thereby conforming 
with the method of calculating the average permeability from which floodable length is derived. 

On this basis the Informal Committee recommended criterion formule which took account of 
machinery and passenger spaces in relation to the total volume of the vessel below the bulkhead deck, 
from which could be derived automatically the value of the factor of subdivision appropriate to a ship, 
between the two extreme limits as represented by curves A and C on the factorial diagram. 


These formule are as follows :-— 


C; = Criterion numeral. 
L = Subdivision Jength of ship in feet. 
M = Volume (cubic feet) of the machinery space portion of the ship.* 
TN = Total number of passenger berths on the ship. 
P = Volume (cubic feet) to the margin line of passenger and crew spaces between decks. 
P,=N x ‘6L (cubic feet). 
= Whole volume (cubic feet) of the ship below the margin line. 
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and in all other cases C, = 72 (M + 2P) 
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It is very possible that experience will show that the *6L value assumed in the P, formula will require 
to be limited in its application to smaller ships. 

For the purposes of this criterion there are associated with factorial Curves A and C numeral 
values of 23 and 123 respectively, and the multiplier 72 in the formule is simply a scale adjustment 
suitable to these values which it will be seen give conveniently 100 as the range between Curves A and C. 

Thus the subdivision of vessels 430 feet in length and above, having a criterion of 23 or less, are 
governed by Curve A factors of subdivision, those having a criterion of 123 or more by factors from 
Curve. C, and those having a criterion numeral between 23 and 1238 by factors obtained by linear 
interpolation between Curves A and C. 

The Informal Committee agreed that it was unreasonable to associate the lower limiting factorial 
curve with vessels carrying 13 passengers only, and it was recommended that the number should increase 
2 
with increase in the length of the vessels and be practically as derived from the formula N = aa 

where N is the number of passengers and L is the subdivision length of the vessel. 

When fixing the scale factor of the criterion this was taken into account, and in operation it will 
be found that ships of the ordinary three-island type carrying approximately this number of passengers, 
will have the factors of subdivision given by Curve A. At the same time, of course, all vessels carrying 

-more than 12 passengers are subject to subdivision regulations, 

Whether this recommendation for a Criterion will prove practicable and reasonable in all cases will 
only be proved after wide experience of actual cases, but so far it would appear to be a satisfactory 
measure. 


SMALL FOREIGN-GOING PASSENGER SHIPS. 


Small foreign-going passenger ships below 430 feet in length of high criterion are not often met 
with, but such cases are to be subdivided throughout their length by factors obtained by interpolation 
between Curve C and unity. 


machinery space to give fairness between coal and oil fuel burning ships. 
+ In the case of Steam 2 Home Trade ships the value of N in the criterion formula is the total number of 
passengers allowed by the passenger certificate. 
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The more usual type of foreign-going passenger vessel of small size depends to a fairly large extent 
on cargo freight, and in these ships it is impossible to obtain even a one-compartment standard of 
subdivision if due regard is paid to the economic factor. 

These ships are therefore required to comply with a system of partial subdivision, which is gradually 
reduced from the one-compartment standard to merely fore end protection. 

This graded scheme is fully described in the regulations and is presented graphically in Diagram X. 


MEASUREMENT OF MEAN PERMEABILITIES. 


Critics of the Bulkhead Committee’s Report laid considerable stress on the labour attached to the 
subdivision calculations, and so far as the calculation of mean permeabilities is concerned, the Informal 
Committee have made a useful amendment which will modify this portion of the work. 

The Convention formula for the mean permeability of the ends of the ship is (95 — 35r) where “r” 
is the ratio between the volume of the cargo spaces and the total volume of the spaces up to the margin 
line of the portion of the ship under consideration ; but it will be seen that if the 95 per cent. spaces are 
of smaller total capacity than the 60 per cent. cargo spaces, the work is reduced by measurement of these 
spaces instead of the cargo spaces. ‘he formula for mean permeability then becomes (60 + 35r) where 
“ry” is the ratio of the 95 per cent. spaces to the total volumetric capacity of the part in question. 

A further amendment has been effected by including in the constant of the formula the mean 
permeability effect of the peaks and double bottom, so that the uniform average permeability throughout 


the whole length of each portion of the ship forward or abaft of the machinery space is now obtained by 
using the formula :— 


= 63 + 355 
pa sc 
where », = mean permeability 


a = volume of passenger and crew spaces between decks situated below the margin line. 


v =whole volume of the portion of the ship below the margin line forward or abaft of the 
machinery space as the case may be. 


As regards the machinery space this remains as recommended by the Bulkheads Committee so far as 
ships having no ‘tween deck spaces in this portion of the vessel is concerned, being 80 per cent. for steam 
and 85 per cent. for internal combustion engine installations. 

Careful calculations of the permeability of machinery spaces made since the Bulkheads Committee 
reported, have shown that the values are not satisfactory where ‘tween decks are fitted below the bulkhead 
deck. 1t has been ascertained that in cases where these ‘tween decks are intended for cargo storage the 
machinery space permeability would be in the neighbourhood of 75 per cent., and that the maximum 
space taken up by these ‘tween decks is about four-tenths of the total machinery space. 

A typical example showing the effect of ‘tween decks on the average permeability of the machinery 
space in an intermediate type vessel about 540 feet in length is given below. ‘The length of the engine 
room was 45 feet and that of the boiler room 75 feet. 


PERMEABILITY VALUES. 


ITEM. [ dhe ree w|i a: es a 
| One'tween' | Two ’tween One ‘tween Two ‘tween 
| deck at60. | decksat60. | deckat95. | decks at 95. 
fe a ca fat a ee 
| Engine Room ...| 89°1 82°6 93°9 94°3 
Boiler Room... 70° 69° 72 8 8| 795 
| Combined ... ... 77°6 74°9 82°9 85°4 
| 
wd ws . : | 
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} Thus in ships having one or more ‘tween deck spaces in way of the machinery space the uniform 
average permeability is to be obtained from the formula :— 


bo 


where » = mean permeability 
a, = volume of passenger and crew spaces between decks which are situated below the margin 
line within the limits of the machinery space. 
Vv, = the total volume of the portion of the ship below the margin line within the limits of the 
} machinery space. 


In this case also the mean permeability will be increased by 5 per cent. where internal combustion 
engines are fitted. 
} As regards the calculation of the mean permeability of a ship subject only to partial sub- 
division, only that portion of the vessel required to be subdivided should be considered. Where two 
adjacent compartments differ in average permeability value, the length of the pair of compartments is 
adjusted in the manner recommended “by the Bulkheads Committee and already described. 

Special considerations are necessary for dealing with the permeabilities of the Home Trade and 
Coastal ships, and these are referred to when the subdivision of these ships are dealt with. 


SUBDIVISION OF THE HOME AND COASTAL SHIPS. 


The 1912-15 Bulkheads Committee made definite recommendations for the subdivision of ships 
plying under steam 2, 3, 4 and 5 certificates, but no actual regulations have been issued by the Board of 
Trade. Action in this direction was however anticipated, and the authorities required the submission of | 
drawings showing the proposed bulkhead arrangements for new vessels, and endeayoured to obtain a 
standard of subdivision in accordance with the 1912-15 Bulkheads Committee’s s suggestions. 

These requirements proved so severe that owners either abandoned consideration of the construction 
of new tonnage, or vessels were built without application being made for a passenger certificate. 

Passenger certificates for the Home and Coastal ships are issued by the Board of Trade under the 
following classification :— 


Steam 2 Certificate ... Home trade steamers. 


ae} < ... Excursion steamers plying in daylight during summer months. 
sy, a ... Steamers plying in partially smooth water. 
ees - ... Steamers plying in smooth water only. 


Many factors essential to the commercial utility of these vessels detract from their being included in 
a general scheme of subdivision, and of these the following may be mentioned :— 


1. Many vessels hold more than one class of certificate. 

2. Passenger numbers increase with restriction of plying limits and vary with seasonal changes. 

3. Steam 4 and 5 ships have no load line assigned unless desired, as is also the case with 
excursion steamers under 80 tons register. 

4. The cargo carried is often of equal or even greater importance than the passenger traffic. 

5. Passenger and cargo spaces may be altered to suit seasonal changes. 


6. Assessment of passenger numbers differs in some cases from “the method applicable to 
foreign-going vessels. 


(7) Tonnage measurement may be affected. 
(8) Variation of the life-saving appliances according to the class of certificate. 


These reasons are sufficient to show that so far as subdivision is concerned, these ships require 
particular consideration, and as they are mostly under 330 feet in length, even a one-compartment standard 
cannot be obtained if, in addition to passengers, an appreciable amount of cargo is to be carried. 

As a general proposition these small ships can be divided into three main classes (@) Steam 2 mixed 
type: (@) Steam 2 passenger and mail type; (c) Steam 3, 4 and 5 ships. 
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SteEaM 2 SHIPS (a) 


Many of these ships in their general adaptation for the carriage of freight and passengers closely 
resemble the small foreign-going passenger ships, and consequently the 1912-15 Bulkhead Committee and 
the Informal Committee recommend that the same standard of subdivision should apply to both. The 
Informal Committee have, however, modified the earlier subdivision proposals, the new recommendations 
being as shown on Diagram X. 

It may be found, however, that in some cases, owing to a low freeboard ratio, a convenient length of 
hold suitable to these ships can only be obtained by extending the subdivision bulkheads up to the weather 
deck. This results in increased tonnage measurement which is an important item in ships which are in 
and out of port often three times or more in one week. These extended bulkheads are also undesirable 
where the ha below the weather deck is fitted for the carriage of cattle. 

A recommendation of the Informal Committee is that a long after peak should be arranged for, which 
is not to be less than 80 per cent. of the floodable length aft. 

This proposal which applies to all foreign-going passenger ships less than 380 feet in length is, in my 
opinion, quite impracticable and should not be maintained in the regulations. It would be preferable to 
leave the designer free in this instance to provide as suitable an after peak as is practicable. Apart from 
this provision it will be found that the majority of this type of Steam 2 ship will in general only be 
subjected to subdivision forward of the machinery space. 


STeEaM 2 SHIPS (0d). 


These ships, engaged in purely passenger or passenger and mail service, are in themselves a distinctive 
type of vessel. 

i They are chiefly employed on the Holyhead—-Dublin or Kingstown, Dover—Calais, Folkestone 
Boulogne, Newhaven-Dieppe, Liverpool and Isle-of-Man routes. 

It is recommended that these ships should be subdivided, using a factor of subdivision of °50. 

Generally where these ships are about 300 feet in length and above, they will be found to present no 
physical difficulty in complying with this apparently severe standard, but in smaller ships some relaxation 
of the standard may be necessary. 

It may be observed that this standard is equivalent to that required for a high class foreign-going 
ship over 500 feet in length, and that its application to these small ships may require as many as 
thirteen bulkheads, which in a ship about 300 feet long appears excessive. It is not, however, a matter 
of very great importance so far as design is concerned, and does not greatly interfere with the vessel’s 
service conditions, but it does materially affect both capital cost and maintenance; important items 
which are of course reflected in the cost of travel in these ships. If the Administration Authorities 
andjor the passengers themselves require a high degree of safety, the passengers must expect to pay for it. 


Stream 3, 4 anp 5 SHIPS (c). 


The factorial system cannot reasonably be applied to ships plying under Steam 3, 4 and 5 certificates, 
the alternative being a graded standard varying with length of vessel such as was adopted by the 1890 
Bulkheads Committee for all ships. But whatever the standard laid down for these small ships, in view of 
the numerous and special service conditions met with, it should only be regarded as a basis for the guidance 
of the Administrative Authorities. It is, in my opinion, essential that in Steam 3, 4 and 5 ships, and also in 
the case of Steam 2 ships, the subdivision regulations should be of a somewhat “elastic” nature, in order 
that in special designs relaxation can be granted to meet the requirements of a particular service, otherwise, 
any regulations must prove an hindrance rather than an encouragement to the enterprise and development 
of useful and popular types of ship. 

One of the most difficult considerations as regards the subdivision of the Home and Coastal ships is 
that of the ship carrying a combined certificate, and this is most pronounced where the certificates 
carried are the Steam 2 class in association with any of the lower numbered classes. 

These ships at times engage in a mixed cargo and passenger service under Steam 2 certificate, and 
are diverted to employment under Steam 3 or 4 services at suitable seasons. 

For freight purposes in the former case, the hold spaces must be of reasonable dimensions, and in 
general, only forward end subdivision would be required under the regulations. 
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Under other certificates however, holds are unimportant, hut the numbers of passengers are usually 
greatly increased, and the subdivision which would be assessed under the graded scheme might be more 
excessive than that necessary to comply for the Steam 2 certificate. 

The higher standard of subdivision cannot be accepted in view of the primary importance of the 
dimensions of hold spaces, therefore adjustment can only be made by means of draught penalty or/and the 
limitation of passenger numbers. 

The graded standard of subdivision now recommended for ships plying under Steam 8, 4 and 5 
certificates is as indicated in the following table :— 


Grade. After Peak.| No. 3 Hold. Machinery Space. No. 2 Hold. No. | Hold. | Fore Peak. | 
Feet. 
| 
over 300 i< ONE oe eee oe = TWO —— >| 
250—300 l< -|_ ONE —- >< Two — >| 
200 —250 |< ONE > <--—— -— ——0NE-— ----—>/<--- TWwOo- > 
| | 
150 200 |<—onE—>| |<— —-—- on a 
| 
——— —7 a T.-C s : - 
100—150 | <-- ONE-->| (<a 8 <= — -— ONE => — => 
| | 
| | 
not over 100 <_-ONE—> |<— — -ONE- Sire! |<- ONE-> 
| | | 
ONE = “One-compartment standard” of subdivision ; 
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TWO 

It would appear that the enforcement of these rules may necessitate the marking of a subdivision load 
line on all Steam 3, 4 and 5 ships over 100 feet in length, but this is a matter for the Administrative 
Authorities to decide. 

The requirement of subdivision aft of the machinery space will, in all probability, cause some 
inconvenience to a number of passenger ships of the river and estuary excursion type. It is customary 
in these ships to use this space as a dining saloon, a deck house being arranged above for use as a k unge, 
and to afford protection in inclement weather without greatly interfering with the passengers outlook 
during the trip. 

Under the strict application of the above rules, the dining saloon will in some cases require to be 
divided by a watertight bulkhead, and as a through service from the galley is necessary, watertight doors 
will require to be fitted in this bulkhead which is not a ver y sitisfactory arrangement, and, moreover, is one 


which will require special consideration in each individual case when the question of subdivision is dealt 
with. 


“Two-compartment standard ” of subdivision. 


PERMEABILITY OF STEAM 2, 3, 4 and 5 SHIPS. 


It is unusual for Steam 3, 4 and 5 ships to carry either passengers or cargo below the bulkhead deck, 
and when determining the floodable length for these ships, the uniform average permeability of each 
portion of the ship, forward or abaft the machinery space, is to be taken at 95 per cent. 

Steam 2 ships which are primarily of the passenger type, carry mostly passengers and very little 

cargo below the bulkhead deck. In this case, therefore, it is more simple to calculate the permeability on 
the basis of cargo space measurement below the bulkhead deck, instead of that of passenger space 


ee 
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measurement as in the case of the foreign-going ship. For this purpose, the space ratio formula used in 
the latter case will become :— 


permeability = 95 — 35 ' 


where b = the volume of spaces below the margin line and above the top of the floors, inner bottom 
or peak tanks as the case may be, appropriated to, and used as cargo spaces, bunkers, 
store rooms, baggage and mail rooms, chain lockers and fresh water tanks. 
v = the whole volume to the moulded lines of the portion of the ship below the margin line 
forward or abaft the machinery space. 


The permeability of the machinery spaces is taken to be 80 per cent. in steam, and 85 per cent. in 
internal combustion installations. It is unusual to find *tween decks in way of the machinery space in 
these vessels, 

All vessels under 330 feet in length are subject to national legislation only, and as through the 
subdivision regulations, the arrangements and running costs of these ships are likely to be affected, their 
interests, in the event of competition with vessels owned in other countries, will need to be safeguarded. 

The Coastal ship has in the past been faced with severe competition from the railway goods traffic, 
and now the permanent development of road transport has placed in the field another opponent of no 
mean importance. It is therefore essential, in the general interest, that the Coastal ship should not be 
handicapped by legislative restrictions which restrict the development of a most useful commercia! unit. 


FORWARD END PROTECTION. 


It is generally conceded that there is greater risk of damage at the forward end of a ship than 
elsewhere, and it was upon this contention that the alternative scheme of subdivision, which was 
recognised by the Board of Trade after the Conference at Washington, was based. 

The 1912-15 Bulkheads Committee, in providing additional protection forward, recommended that it 
should vary from a two to a four-compartment standard, depending upon the length of the vessel. 

Such a provision can hardly be termed bow protection, as in many cases its application extended over 
a considerable length of the ship. Reasonable consideration of the question would suggest that such 
additional safeguard should be of sufficient extent to meet the incidence of a head on collison which 
would render inefficient the collision bulkhead, in other words, the provision of a good second line defence 
should be ensured in all ships where this is practicable. 

On this basis it is now recommended that in all ships 330 feet in length and above which are 
subdivided throughout their length, one of the watertight bulkheads abaft the fore peak shall be fitted at 
a distance from the stern which is not greater than the permissible length nor greater than 70 feet plus 
5 per cent. of the vessel’s length. 

The latter limit would, of course, only become operative where it was exceeded by the permissible 
length, and as the permissible lengtl is in nearly every case less than the floodable length; a sufficient 
aduitional margin of safety is provided for, and therefore the second limit is a refinement which has little 
or no value. It must also be remembered that as ships increase in size the effect of the factor of sub- 
division and of increased passenger numbers will be to normally increase the standard of protection forward. 


ALTERNATIVE SUBDIVISION LOAD LINES. 


It is a usual practice in “mixed” type ships to carry passengers in the tween decks on the outward 
voyage, and to fit out part or all of these spaces for the carriage of cargo on the run homeward. 

It is now permitted that these conditions can be allowed for by suitable markings on the subdivision 
load line certificate, and consequently a ship may have assigned several subdivision load lines, always 
provided, that in no case any marking be placed above that of the highest statutory freeboard mark. 

The manner in which this concession affects the subdivision calculations will be seen if it be assumed 
that for the condition of a ship having cargo in part or all of the ’tween decks, tlie passenger accommodation 
elsewhere situated be represented by P. 
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Then if passenger spaces P, be added by fitting accommodation in the ’tween decks in substitution of 
the cargo, the condition would then correspond to that of a ship identical to that of the former case, but 
with permanent accommodation equal to P, + P =P, say. The calculations would then be made with 
consideration of a permeability value amended accordingly, and there would also through the criterion of 
service be an amendment to the factor of subdivision, and since no alteration in the position of the 
bulkheads can be made, due to these changes, they can only be taken account of through the draught. 


MODIFICATIONS TO THE FACTOR OF SUBDIVISION. 


The use of oil as fuel has developed widely ot recent years, and apart from using the double bottoms 
for this purpose, the practice is to provide for its storage by fitting a number of small oiltight compart- 
ments, either along the sides of the ship or athwartships. 

Under certain conditions these tanks may provide added buoyancy in the event of a direct blow 
opening up the side of the ship, and furnish a considerably increased degree of safety should the vessel be 
subjected to a long ripping blow in the neighbourhood of the oil compartments. In large ships these 
tanks may extend in an unbroken line for as much as three-fourths the length of the ship. 

It is, therefore, proposed that where these tanks are so disposed, that a direct blow would leave some of 
them effective in contributing buoyancy, some allowance might be made in the spacing of the transverse 
bulkheads. For the purpose of this allowance it is necessary to assume at least two adjacent tanks opened 
to the sea, and that to maintain uprightness the similar tanks on the opposite side of the ship are 
also flooded. 


The increased factor due to additional buoyancy will then be given by the formula :— 


Vv 
CS 
V-v 
where V = moulded volume of the main compartment to the margin line ; 
v = moulded volume of the wing compartments assumed not flooded ; 
F = the prescribed factor for normal subdivision. 


An additional allowance is permitted for protection against a ripping blow on the following basis. 
When the crowns of the wing compartments at their lowest point are not less than one-fifth of the moulded 


; 2 1-—F 
draught above the oad line, the factor F, may be increased by an amount rags and when the crowns 


are two-fifths or more of the moulded draft below the load line, no increase in the factor F, is permitted. 
For positions intermediate between these limits the allowance is determined by linear interpolation. 

In connection with the above, it will be necessary to give special consideration to the lengths of 
compartments at the point where the factor changes in a similar nanner to that indicated on page 32 for 
change of permeability. For example: where different factors f, and f, are respectively applied to two 
adjacent compartments A and B proceed as follows :— 

Let 7, and /, be the actual lengths of A and B. Then the combined length of A and B for 
comparison with the permissible length curve based upon factor f, will be 


f 
h+he 


LIMITING LENGTH OF COMPARTMENTS. 


The margin of safety of a ship may be considered as a condition which affects the flotability after 
damage, and to be chiefly dependent upon two main factors, viz :—the height of platform, which may be 
only 3 inches at the ends, and the stability. 

The flooding curve is solely determined by consideration of the load water line plane with the vessel 
in the upright condition, and no account is taken in ordinary cases of loss of stability in the existing 
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regulations except that of the very arbitrary provision that no watertight subdivision compartment should 
exceed a length of 92 feet. 


This length has now been amended to vary with length of ship, and is to be 70 feet + 5 per cent. of 
the ship’s length. In any case it is unlikely that this maximum length will affect any but the machinery 
compartments. 


Further provision is made for ships in which longitudinal bulkheads or inner skins are fitted. In 
these cases it must be shown that the margin line will not be brought under water when the wing 
compartments on one side are flooded for a length of at least 70 feet + 5 per cent. of the length of the 
oe or the length of that part of the ship through which the wing compartments extend, whichever 
is the less. 


If under these conditions the list is large, the wing compartments are to be subdivided so that when 
any two are flooded on one side the resultant list does not exceed about seven degrees, which is based upon 
the consideration of launching the ship’s boats. 


It is also necessary to fix a lower limit for the length of compartments, as obviously, if the bulkheads 
are too closely spaced, one at least would be ineffective under normal damage conditions. ‘This minimum 
also varies with length of vessel, and no compartment is considered as being part of the subdivision of the 
ship unless its length is at least 10 feet + 2 per cent. of the ship’s length. This minimum does not 
apply to the forward and after peaks. 


CRUISER STERNS. 


The subdivision length has been defined as the length of the vessel at the subdivision load line. For 
a ship having the ordinary elliptical stern this definition is satisfactory, but where cruiser sterns are fitted 
its application is not quite so reasonable. 


This type of stern varies considerably in design, and while in some cases they approach the water 
line acutely relative to the after perpendicular, in others the contour of the stern may be either obtuse or 
even be parallel to the load line. 


Thus for a small change in draught the subdivision length may be materially increased, and is a 
feature which may have considerable importance where alternative load lines are desired. 


The positions of the bulkheads are tixed along the length of the subdivision load line, and as the after 
peak bulkhead is practically fixed into position, it will be seen that, particularly in two-compartment ships, 
the positions of all the bulkheads may be affected by the cruiser stern appendage, and in spite of the added 
buoyancy aft the case may arise where an extra bulkhead is required to be fitted, it being observed that 
the machinery space bulkhead is usually a fixed point in the system. 


Also in two vessels having the same criterion of service, but one ship fitted with a cruiser stern, the 
increased length on the waterline may result in this ship having a decreased factor of subdivision when 
compared with the ship having an elliptical stern. This may or may not arise, as a counteracting effect 
may result in some cases, as the two ships are, from a subdivision point of view, of different form. 

Jruiser sterns effect coefficients of form as well as factor, and there is, on the whole, some degree of 
balancing effect. 

This arises through the form correction and is due to the difference in the position of the centre of 
flotation of the mean waterplane from that of a similar ship with a normal stern. The effect of this may 
in some cases be to diminish the decrease in factor of subdivision due to increased length of the waterline, 
but it should also be observed that the correction for form is made relative to a standard form upon which 
the floodable length diagrams are based, and that this standard assumed is a vessel with an elliptical stern. 


It may be suggested that the standard should have taken some account of the cruiser stern ship, and 
an average form used for the after end of the standard design, but in view of the varied nature of cruiser 
stern design, an average assumption would have given no nearer approach to the true facts in particular 
cases, 

Account may, however, now be taken of the form of the stern in the calculations on a more reasonable 
basis than was previously the case, and the subdivision length of such ships may be so measured that there 
will be no appreciable volume overhanging the after subdivision terminal. 
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A most reasonable solution to standardise practice on this point would appear possible by fixing the 
after subdivision perpendicular at an ordinate of the sectional area curve, which has a limiting value, such 
as will make the ship reasonably comparable with the standard form. 


TRIM. 


The whole object of the International Conference which drafted the Convention, was to effect an 
international standard practice with regard to the many subjects contained in the Convention, and so far 
as subdivision is concerned, a standard system has been established. This standard practice is essential if 
fairness as between ship and ship, whatever its nationality, is to be maintained. 

Thus it has been agreed that in the subdivision calculations no account should be taken of trim, the 
Joad waterline being assumed parallel to the keel. Following upon this decision, the standard flooding curve 
diagrams are based upon a hypothetical standard form considered representative of a limiting type of ship 
floating on an eyen keel, and they are considered to be equally applicable to normal trim conditions. 


SPECIAL MARK ON THE SAFETY CERTIFICATE. 


In the case of a ship being subdivided throughout the length to a standard in excess of the require- 
ments, it is proposed that this fact might be recorded on the safety certificate at the request of the Owner. 

The amount of this excess is measured by the closer spacing of the transverse bulkheads as compared 
with the standard spacing, no ship being entitled to the record unless the percentage decrease in spacing 
is at least ten. In other words, if curves of permissible length are drawn, and at the centre of each actual 
compartment an ordinate representing the length of the actual compartment be set up, these ordinates 
will terminate below the permissible length curve, and the difference in the length of the ordinates will 
generally vary for the different compartments. 

The assessment of the special mark will then be based on the compartment for which the difference 
in its length relative to the permissible length is least, and this difference, to obtain the notation on the 
safety certificate, must not be less than 10 per cent. of the permissible length. 

If the difference in the length of the ordinates be “x” and the ordinate to the permissible length 


curve be “yy,” then the required percentage for notation if not less than 10 per cent. would be — x 100. 
y 


STEPS AND RECESSES IN BULKHEADS. 


Recesses are permitted in watertight transverse bulkheads provided they are a sufficient distance from 
the sides of the ship, but vertical steps are inadmissible unless the combined length of the two 
compartments adjaceut to the stepped bulkhead does not exceed the floodable length. The reason for this 
is to reduce the chances of the vessel being lost through collision occurring in way of the step, which 
would at once open up two compartments to the sea. Although better avoided, in all cases these steps are 
useful to the designer of vessels having factors of *50 or less, in that they in one instance can be used to 
give longer lengths of hold always, provided of course, that the limit of length of step (10 feet + 2 per 
cent. of the ship’s length) is not exceeded, and that the equivalent plane bulkheads are not more than the 
permissible length apart. Steps can similarly be arranged to give in the upper part of the ship a longer 
dining saloon. 


CONCLUSION. 


The intention of the author in presenting this paper to the Staff Association, has been to give an 
explanation of the calculations necessary to obtain the spaciug of watertight bulkheads in passenger ships 
in accordance with the interpretation of the standards required by the International Convention on Safety 
of Life at Sea. 

ihe Convention regulations have for the most part been enforced in this country for some years 
under the Administration of the Board of Trade, and the recent necessary revision of the rules by the 
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Informal Committee which has been dealt with in the paper, is not at the time of writing statutory, and 
therefore some of the matter may be subjected to amendment or addition at a later date. 

It would have been impossible in one paper to deal with all detail matters affecting the subdivision 
problem, and consequently, only the fundamental items which directly concern the spacing r of the bulkheads 
have been discussed. It has been thought useful to compensate for any lack of clearness which might 
exist in the text of the paper, to add, in the form of an appendix, a complete calculation for a typical 
“mixed” type ship assuming various conditions of passenger and cargo arrangement. 

Additionally it was considered opportune to assist towaids the completeness of the Transactions of the 
Staff Association to include a brief history of the subject and, therefore, the principal stages of the 
development of subdivision have been recorded, and in doing so, chronological order has been adhered to 
so far as this was possible. 

The statutory basis of subdivision in this country is due to the Convention of London which was 
devised with a great purpose, and it is surely of advantage to the interests of all maritime countries owning 
passenger ships that its regulations should be established as an international code. The shipowners of 
these countries have indicated their agreement to such action being taken, and there is every r.ason to 
believe that in the near future there will be uniform subdivision regulations under the administration of 
the National Maritime Authorities. 

The interpretation of the Convention as now revised by the Informal Committee appears to be a very 
reasonable solution of a difficult problem, and to effect the necessary balance between the technical and 
economic points of view. But this is not necessarily the last word in the development of the subject. 
Improved methods for the calculations which are also capable of equitable administration may yet be 
farnished, and in any case, when the present proposals become general practice, there will doubtless be 
discovered many weaknesses which will require adjustment. 
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APPENDIX A. 
Example of Subdivision Calculation: 


Length of ship B.P. 


Extreme length on spibeiviaion. waterline. = G20ohy.. 
Breadth moulded = 63°75 . 
Depth to bulkhead deck amidships = §88°75 ,, 
Mean thickness of bulkhead deck = = igre 
38°91 ,, 
To margin line _ AiR 
Depth to margin line = 88°66 ,, 
Moulded draught (d) = 28°83 ,, 
Freeboard (I)... = 983, 
Freeboard Ratio = © — 88 — 34, 
reeboar atlio = ia 2Res = 5) 
Sheer (assumed normal) : Sheer Ratios; 
Se errs pS yar: ee (eo eae 
Forward (8,) ee ores MRM EE Forward = 1 = iee8 = 
ATES) 2) 3) nee fe =e DI0Y 5a Be erg (2D 
saaemae Waban To 
Block Coefficient (to 28°83 waterline) : 
Volume of displacement _ 20500 x 35 eT 
RR S| = 521-25 x 63°75 x 28°83 = ** 
Coefficients of mean waterline: 
Actual Ship. Standard Ship. 
Area 
Luxe ™ “840 = (a) *831 = (a) 
Longitudinal a f Inertia 0521 = 
ao rs = 0535 = (m) ORS ae a) 


Centre of Flotation : 
Centre of flotation from amidships ee asa a a of 


the ship’s length (L) ... ... .. = 1°08 aft. 
Centre of flotation from amidships expresse id as a percentage ‘of 
the ship’s length (LL) for standard form... . = 2°08 
Distance of centre of flotation of mean waterplane before that 
Ot the standard forms. 6. eas cae ween she) ses eae eso OD 
Sectional Area Coefficients : Area of section to margin line 
B x D 


” 


| Stations from after | | | | | | 

|. Perpendicalar 0 | 10 | 15 | 20 | 80} 40 | 45 | 50 | 60 | 70 | 80 | 85 | 90 

| in percentage of | | | 

| length (L) | 

9 - | | Seiten 29 | 

Coefficients... .... 071) *806 | 1°015| 1°167) 1-305) 1°322| 1°320) 1-322) 1°335) 1°345) 1° 295 1°123) *850 
| | } | | | # 


ee 


Machinery Space : 


Since there is a between deck space in way of the machinery space the permeability is ( 75 + 12:5~") 
1 
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PERMEABILITIES. 


and as a, =o the permeability will be the minimum value, 7.e., 75 per cent. 


Forward and After Ends : 


For similar reasons the end permeabilities derived from the formula 


minimum, #.¢., 63 per cent. 


a: ’ 3 (100 
Permeability factors (P.F.) = 3 ( pay 1 ) 


Machinery 


TABLE I. 


= *500 


8} yace 


Calculation of Ordinates of Floodable Length. 


V 


(63 + 3b- ) will be a 


Ends = ‘881 


tet ran ‘anal go || After Spaces. Machinery Spaces. || Forward Spaces. 
Centre aes os EG i eee AT eo ee ee 
of Length 23 | bt 
of Parmeabilit of Permeability =63 || Permeability =75 | Permeability = 63 | 
Compartment Se ae 23 PF.='881 | P.F.=300 | P.F.=-881 
from 2s a 
After gs < ae 
Perpendicular. 100°], 60°, AS |8)xP.F] +d) ||@ x P-FJ ()+() ||) x P.F) (8)-+() | 
) (2) @ | ® |. ® | © | ® |. ® | ® 
\| | 
After Terminal...} 12°5 22°7 10°2 9°0 215 | — _ | setiohO seoltl] 
| | | 
15 per cent. 114 | 203 89 7 |} 198 | — | — | — | — 
| \| | | 
ee 113 | 198 85 || 75 | 188 | — — — {| = 
l Hl 
30 ” 14°4 23°8 94 | 88 22:7 | 47 19°1 Jeo i— — 
I | 
40 19°6 82:4 12°8 11°3 30°99 | = 64 Te a a 
| | 
45, 21:7 35°5 13°8 — — | 69 cage Raper ee) a: 
50s 218 | 35:8 | 14:0 — | —- 70 | 288 | 128 | 341 
60s 180 | 295 | 15 | — — | 57 | 287 | 101 | 261 
| \| | | 
Ws 137 | 281 9r4 — — | -—|]- 83 | 22-0 
80 ’ 12°0 21°7 9°7 — _ —_ — 86 20°6 
au is2 | 240 | 108 | — | — = — 95 | 22-7 
Forward Terminal} 14°3 26°71 118 — — _ 10° | 24°7 
| j S 


The figures in columns 5, 7, and 9 are the ordinates, expressed as a percentage of the length (1), of 
the floodable length curve for a ship of standard form. To obtain the floodable length curve for the actual 
ship these ordinates require correction for the difference in form between the actual and standard ships. 

The work necessary to ascertain and apply this correction may be conveniently arranged as shown 
in Table IT. 


TABLE II. 


Flooding Curve ordinates taking into account correction for form. 


r I 
Constants ™=-1515, ™x*=—1-016, 
n a 
For Standard Form. | Lengths of Ordinates. 
ee - ees . wa SS Sel =. ee - 
i 2 BOB aan th | 
ago al® | gs EY gy eae PAT Si Ri roar alhinane 
D a q A ses | After Space. Machinery Space. Forward Space. 
Centre of ro tall 31 pany Values Se II +H > | a | oO ; ei = i 
Length R, re} é ee 13 A) oo = | | = 
of 5 y ul 3 +] EJ of fea ie ; ; ; : ae. : q 
Compartment |- 3 3 © iol OES =i Aed oa | a [Required New [Required New) = Required New 
from After foro SliMio} . ot ay x, for i$ a ° x 9 a fal | : 3 y 
Perpendicular |S&q % . | & 2 oe | ‘ \Hom & Re ot) es Ordinates a Ordinates = Ordinates 
in fo sire a 3 S | sl" | NewShip [=| @!*| 8S | Sc | SS | 
Percentage Be pots & a a * |a= 3} 3 ne | () x (10) as | (9) X (12) | (9) x (14) 
of aaa elodg | & sa m | (2)x(6) |.8.8 £ FA ~ 2 
Ship’s Length |} 2,2 4) 5 3 Saal joa ™ B 2 * = 
(L). a ee ig a | 3 d Ine 2 | A @)) 5 (13) P= fai (15) 
RSs Se > ie a 7 eae cor de et fa pn ee 
SHE | | | | Los | rs | ps, | ° Fn {Pin So | ae) Pit. 
qd) (2) 8B) | M1 ®!] © (7) (8) | (@) | C9) | | (12) (4) | 
el ES): CE ee PCH EMC YE BCL ie een ih = oe 
| | | | | | 
| | | 
ACE — 86°62 (3662 | 950 | *945 |1-075 | 39°4 | 40°5 | °75 [1-164] 21:5 |25°0 | 192 | — | — | 
15 — 32°97 |:3297 {1115 | -950 11-069 | 35-2 | 36-3 | 97 1104] 19°3 | 21°83 | 16-4 | — |} 
| | | | H 
| | | | 
20 ~ 27°97 |2797 |1°245 | -958 |1:061 | 29°7 | 30°8 | 1:145/1-053 | 18°8 | 19°8 }152) — | — | 
| | | | | | 
30 — 17:97 |-1797 |1°310 973 |1°044] 18°8 | 19°9 | 1°131] -984] 22°7 | 22-4 117-2 |19°1 18°8 | 14°4 — —}— 
| | | | } | 
40 — 7970797 |1°295 | *988 /1-028] 8-2 | 9°3 | 1°32 | -980/ 30-9 | 30°83 | 23-2 |26-0 |25°5 [196 | — | — | — 
45 — 2°97 |'0297 |1°290| °996 |1:020] 3:0 | 4:1 | 1°32 | -984/ — | — | — | 28-6 | 28-2 | 21-6 | — (5 Pee 
50 + 2°03 |0203 |1°280 |1:003 |1:013| 2-1 | 1-0 | 1°32 | -984| — | — | — |28°8 | 28-8 | 21-7 | 84-1 
| | 
| | } } 
60 + 12°03 1203 /1°300 |1°018 | -998} 12°0 | 10-9 | 1°34 | -999] — | — | — | 23-751 23-6 | 18-2 | 284 
70 + 22°03 |°2208 }1°325 |1°0383| -984 |21°7 | 20°6 | 1°34 [1 0383); — — | — — | 22°0 
80 + 82:03 |°3203 |1°210 1049 | +969} 31-0 | 29-9 | 1°26 |1-019 | 20-6 
85 + 37-03 |'3703 |1-015 |1:056 | -962| 35-6 | 345 }1°14 | -951 | 22°7 
| | | 
BY + 88°98 3898 | -910 /1°059| -960| 37-4 | 36:3 | 1:07 | -910! — |—{—|—|— | — |247 
| 


F.L.=Floodable length after correction. : 
P.L.=Permissable length=F.L. x factor of subdivision determined through the Criterion of Service. 


Lg 


———— 
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It should be noted that the ordinate values in columns (11), (18) and (15) of Table II. for the new 
flooding curves, are set off perpendicular to the base line of the flooding curve diagram at the fore and aft 
positions given in column (7) of Table II. 

The + or — sign in column (2) is taken according, as the centre of flotation of the mean waterplane 
of the new ship is before or abaft that of the standard form for sections forward of the centre of flotation, 
and the opposite sign for sections abaft the centre of flotation. 

The sectional area ratios in column (8) can be obtained from a curve of sectional areas constructed 
from the particulars given on page 2. 

The second set of figures in column (7) are not essential, but thus corrected, the x, values can be 
conveniently set off about the amidships ordinate. 

In columns (11), (18) and (1) the final floodable length (F.L.) ordinate values have been multiplied 
by the appropriate factor of subdivision to give the ordinates of the permissible length curve (P.L.). The 
factor of subdivision is determined through the Criterion of Service, several examples of which are now 
given. The resulting factor in Case 1 was used to complete Table LI. 


CRITERION OF SERVICE. 


Case 1.—In this instance it is assumed that all the passengers are ake it above the bulkhead deck, 
which is the passenger 


the total number accommodated being 272. This number is equivalent to i = 00 


basis for the lower limiting factorial curve A. 
The criterion formule are :— 


= M+2P, 
PS (ve p) ‘ © 
or Cs = 72 (=) (ii) 


formula (i.) being used when P, > P and formula (ii.) in all other cases. 


We have P, = ‘6LN =85,080 cubic feet 
and P = 0 
M = 181,100 cubic feet. 
V = 1,056,600 % 


-, using formula (i.) Criterion of Service numeral = 22°2, and the appropriate factor of subdivision 
derived directly from curve A, Diagram IX. = *768. 

The completed flooding curves for this example are indicated on Diagram XI., Case 1, and a possible 
arrangement of bulkheads is shown on the outline profile for Case 1, Diagram XII. 


Case 2.—Assume now that the number of passengers is increased to 600, and that they are all again 
accommodated above the bulkhead deck as in Case 1. 

The corrected floodable length curve will remain as before, but amendment to the permissible length 
curve is necessary, due to changed Criterion conditions, N now being equal to 600. Thus P P.=6LN = 
188,000 cubic feet, while P, M, and V values are as for Case 1. 

The Criterion of Service numeral is now 32°2, and the factor of subdivision obtained by interpolation 
between curves A and C on the factorial diagram = *742 (see Case 2, Diagrams XI and XII.) 


Case 3.—In further illustration of the Criterion of Service and to indicate the influence of between 
deck passenger accommodation, it is in this case assumed that the 600 passengers carried in Case 2 are 
berthed in the whole of a between deck space below the bulkhead deck. 

Thus both the floodable length and permissible length curves are amended in this instance, the 
permeability, as well as the Criterion, being affected. 
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Machinery space permeability. 


7 é - 34,280 ” 
= 75 12°54! = 75 12°5 ——_. =_ 77°36 per cent. 
p=75 + one 75 + 5 781,100 77°36 pe 
Forward end permeability. 

102,970 


p = 638 + 35 & — 63 + = 69°6 per cent. 
y 


544,000 
After end permeability. 
60,350 


= 68 + 352 = 63 otal oalt 
a ener + 35 357530 


= 69°3 per cent. 


Criterion of Service. 
We have P, = 188,000 cubic feet 
and P = 197,600 ., 3 


M and V values as before. 
Criterion using formula (ii) will be 


M + 2P 
aye) 
== 39°4. 


Cs = 72 ( 


Interpolating as in Case 2 between curves A and © the factor of subdivision = *721 (see Case 8, 
Diagrams XI and XTI). 


Case 4.—In extension of Case 3 the number of passengers is now increased to 1,000, berthed in one 
between deck below the bulkhead deck, and also above that deck. 
The permeabilities remain as for Case 3, but the Criterion will be amended as follows :— 
P, = 6LN = 312,750 cubic feet. 
P = 197,600. 
M and V valves as before. 


M + 2P, : 
vePr—p) Tae eerie (i) 
== 49°5. 


as P, >P Cs = 72 ( 


The appropriate factor of subdivision being *691. (See Case 4, Diagrams XI and XII). 


Case 5.—This example is to illustrate the effect of increased length of machinery space upon the 
Criterion. In the four previous cases this space was about 14 per cent. of the ship’s length and is now 
assumed to be 30 per cent., indicating a higher type of passenger ship. 

The number of passengers is again 1,000, berthed as in Case 4. 

There will be some slight amendment to the permeabilities while the Criterion of Service numeral 
results as follows :— 


P, = ‘6LN = 312,750 
P = 184,400 
M = _ 397,000 
V = 1,056,600 


and as P; >P 
1. — 775 M + 2P 
Cee 7 ee 
i (y +P, - ) 


= 62 


and the resulting factor of subdivision = *655 (see Case 5, Diagrams XI and XII). 


I 
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Comments on Cases 1 to 5, Diagrams XI. and XII. 


Case 1.—Referring to Diagram XI. it will be seen that only Nos. 2 and 4 holds have the maximum 
permissible length, and that should these lengths not be required a small rearrangement of the bulkheads 
would have permitted the assignment of a deeper subdivision load line. 


The position of the bulkhead abaft the collision bulkhead is determined in accordance with the 
regulations for forward end protection. 


Under the assumptions made, this case complies with the minimum standard of subdivision, and 
whereas 272 passengers were considered to be berthed above the bulkhead deck, the standard applies 
equally to any less number down to the limit of 13. 


Case 2.—In this instance the number of passengers was increased to 600, and it will be seen from 
Diagram XII. that the altered conditions are met by a slight rearrangement of bulkheads, no additional 
bulkhead being required. 


This is not unreasonable as all the passengers are still carried above the bulkhead deck, and there has 
been no change in the physical conditions below that deck, the additional penalty consisting of an increased 
margin of safety. 


It may be observed that while some of the compartments in this case would be shortened, others are 
increased in length, and that when compared with Case 1 there is no apparent additional safeguard 
against sinking. 

This seeming anomaly arises because of the excess of margin in the case of holds which in Case 1 are 
of less length than would be permitted. If in Case 1 all the holds had been of the maximum permissible 
length, then Case 2 would have required additional bulkheads. 


Case 3.—This illustrates the effect of substituting passengers for cargo in a between deck space, and 
an additional bulkhead is required aft when compared with previous cases. 


It so occurs in this example that while an additional bulkhead is just avoided at the forward end, 
one is just required aft, and had the conditions been assumed a little less severe the extra bulkhead aft 
would also have been unnecessary, indicating that considerable variation in the factors affecting the 
flooding curves can occur before the number of bulkheads is increased. On this basis of the calculations 
however, there is a gradual increase in the safety margin with increased severity in the general conditions 
of passenger service. 


As illustrated in Case 3, Diagram XII., the flooding of No. 3 hold would endanger the ship to a 
greater extent than would be the case if the same hold in Case 2 was flooded ; but had it been so desired, 
this hold in Case 2 could have been increased considerably in length with consequent shortening of 
Nos. 1 and 2 holds. These cases will arise in greater or less degree, the arrangement of bulkheads being 
made with reference to the ship as a whole. 


Case 4.—The conditions are similar to Case 3, but the increase in passenger numbers introduces the 
additional bulkhead just avoided at the forward end in Case 3. 


Case 5.—Only eight bulkheads are required in this case in spite of the increased type standard, but 
the arrangement of bulkheads is more economical and uniform than in previous cases. The machinery 
space bulkheads form stop points in the bulkhead arrangement forward and aft, and may lead to awkward 
and uneconomical arrangements at the ends of the ship. 


GENERAL. 


The main object of the author in presenting these examples is to illustrate the operation of the 
Criterion of Service upon the flooding curves and the manner in which it varies with change of type and 
service conditions of a ship, and it will be seen that as the factors which decide type and service alter 
they are reasonably recorded through the Criterion. 
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APPENDIX B. 
\n approximate method has been referred to for estimating the end permeabilities, using only the 
profile of a ship, and it would be useful if the Criterion of Service numeral could also be similarly 
obtained. 


ordinary and more accurate volumetric calculation, the units being in square feet instead of in cubic feet. 
The method has not been fully proved, and the new value given to p, should not be accepted without 
further test. 


The Criterion formulz: may be written :— 


F 1g x 79 (oe 

where p, > p Cs = 72 lee aed a fee see, 6 

m+2 Pe 

and in all other eases Cs = 72 ( =) aa aes wee (0) 


the notation being as follows :— 


Pp = 014 LXN. 


p = profile area of between deck passenger space below the margin line. 
m = whole profile area of machinery space below the margin line. 
v = whole profile area of ship below the margin line. 


N = total number of passengers. 
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FLOODING CURVE ORDINATES FOR VARYING 
DRAUGHTS. 
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ORDINATES OF FLOODING CURVE AS PERCENTAGE OF 
SHIPS LENGTH 


DIAGRAM. IT. 


MARGIN LINE CORRECTION. 
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VARIATION OF SHEER 


BLOCK C&= 65 
FREEBOARD RATIO= 30 
PERMEABILITY = 60% 


AT 20% 40% 607 
DIAGRAM Y. 


VARIATION OF BLOCK COEF? 
FREEBOARD RATIO =-30 
SHEER RATIOS=-ISart 30¢wo 


" BLOCK COEFTS = 65, 70. 75.80. 
PERMEABILITY = 60%. 


AT 20% 407 601 30% FT 
DIAGRAM VI 
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VARIATION OF FREEBOARD_ RATIO 
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FREEROARD RATIOS= 20, 30, 40, 50. 
BLOCK CE = 65. PERMEABILITY = ‘60. 
SHEFR.RATIOS =. “IS art. . 30 FORWARD 
Al. 202 40Z 602 80Z FT. 


DIAGRAM VII 


VARIATION OF PERMEABILITY 

BLOCK Chl = -65 
FREEBOARD RATIO= 30 
SHEER RATIOS = IS art 30 Fwo 


20% f v3 


l0Z, 
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DISCUSSION ON MR. R. 8. JOHNSON’S PAPER 


ON 


“THE SUBDIVISION OF SHIPS.” 


Mr. 8. TownsuEnb. 


Mr. Johnson’s paper on the Subdivision of Ships is a most instructive and useful contribution to the 
records of the Staff Association, and I heartily congratulate him upon his method of treating this very 
delicate and involved subject. 


There is little doubt that the regulations introduced after the sinking of the “ Trranro”’ were made 
rather hurriedly in order to satisfy public opinion and the press. The possible effect of the regulations 
could not, in the time available when they were drawn up, be fully investigated. Subsequently it has been 
found, to use the author’s own words, “that the building of the mixed type vessels was practically at a 
standstill” owing to the economical difficulties of complying with the subdivision regulations. 


Now it seems to me that however desirable it may be to safeguard human life by elaborate regulations, 
the good that might be done is rendered unavailing if enterprise, trade, and prosperity are to suffer. The 
intermediate or mixed type of ship carrying a few passengers is an exceedingly useful ship. Its removal from 
the trade routes is a serious loss, and the regulations which cause this, however desirable they may be in 
themselves, must be regarded at fault. We know from statistical records that the loss of life on the high 
seas is much less than on our high streets, and I think we should not lose sight of this when framing 
safety regulations for ships. 

The author, in the concluding sections of his paper, introduces to our notice regulations which it is 
expected may become law, with, perhaps, some modifications. The effect of these proposed rules is difficult 
to gauge without working out a few concrete cases, It appears that they are an advance upon the 1912-15 
Rules, but for the intermediate type of ship carrying a few passengers it appears the rules are still 
too severe. 

The difficulties in respect of cargo ships are clearly stated by the author on page 17, where he says 
“it is found in general that in vessels of the three island type below 430 feet in length, it is impossible to 
obwain even a one-compartment standard of subdivision with the number of bulk eads usually fitted,” and 
“no reasonable arrangement of bulkheads will give a one-compartment standard in raised quarter-deck 
steamers,” and, further, shelter-deck ships with tonnage openings carrying more than twelve passengers 
“could only comply with the regulations by the acceptance of a draught penalty which would seriously 
discount their utility as cargo carriers.” "The arrying of a few more passengers than the maximum 
number allowed in the cargo ship (i.e., twelve) drastically affects not only the design of a ship, but also its 
economic utility. I suggest this should not be so, and it appears that the rules might be so graded that 
the subdivision arrangements gradually trend towards the cargo-ship standard as the number of 
passengers decreases, 

Several years ago, when making the flooding calculations for a certain firm of shipbuilders, I found 
that the floodable length curves for different designs by the same builders were remarkably similar in 
character. For ships in the design stage it became no very difficult matter to make a close estimate of 
the position of the bulkheads by judiciously using two or three typical floodable length curves. This led 
me to expect that it would be possible to construct a set of typical floodable length curves for general use, 
and that the influence of “form” was not of much moment. Further investigations were stopped by 
the war, 
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It is not clear from the proposed regulations what the permeability of an oil-fuel bunker will be. If 
the bunker is assumed damaged at or near the water line, the oil will run out and water will take its 
place. The permeability will therefore be 100 °/,, but it does not appear that this high percentage is 
allowed for in the proposed rules. 


Mr. W. Wart. 


I have remarked on more than one occasion that the transactions of Lloyd’s Register Staff Association 
give abundant promise of becoming a standard encyclopedia of shipbuilding practice, and the author of 
this paper on “The Subdivision of Ships” has added an admirable chapter on a most interesting topic. 
Safety of life at sea must always be the aim of the naval architect and shipowner. The bad old “ Plimsoll” 
days are, we believe, gone for ever; cases of overloading in British ships are practically unknown, and 
no shipowner would willingly send his ships to sea in an unseaworthy condition. 

It is the peculiar duty of the Government of an Island Country like our own, to safeguard the lives 
of those who go down to the sea in ships, whether they sail as passengers or crew; and the object of 
legislation is not to detect the criminal, but to provide guidance and direction to the shipowner who is 
conscientiously endeavouring to perform his duties towards his fellows. 


The author of this paper has traced in a most interesting manner the history of subdivision from the 
days of Marco Polo to the present day, and if we cannot criticise his record of facts, we can give him our 
warmest thanks for placing them so clearly before us. 


While lifeboats, liferafts, wireless telegraphy, coast-guard services, and other means, play a useful 
part, it will, I think, be admitted that the ideal method of saving life at sea is to save the ship. 


It is with this object in view that subdivision regulations have been framed. The loss of life in 
modern passenger ships is exceedingly small, less than that of the streets of every large city, and for that 
reason it may be argued that further legislation is uncalled for. Unfortunately, when disaster comes, it is 
generally of an appalling character, and, as in the case of the “Titanic,” is followed by a demand for more 
stringent legislation. Panic legislation defeats its own ends, for in many cases it gets rid of the disease 
by killing the patient. 

The Informal Committee (I do not like that word “informal,” when applied to a Committee whose 
work may be the basis of legal regulations) have based their proposals on Art. 17 of the Convention of 
1914, which provides that “ships shall be as sufficiently subdivided as is possible, having regard to the 
nature of the service for which they are intended.” In this they have followed in the steps of the 1915 
Bulkhead Committee. They have adopted the groundwork of that Committee’s investigations and 
recommendations, but have modified the factors of subdivision to meet the demands of “commercial 
utility,” and have submitted a basis for determining what is called the criterion of service. 


T do not propose to deal at length with the admirable work performed by the various committees, but 
I think it will be useful to consider what has been achieved by them, and what are the limitations 
in determining— 


(1) The standard of subdivision. 
(2) The method of calculating the flooding curves. 


(1) The standard of subdivision: It may be accepted as an axiom that a factor of absolute safety 
cannot be determined, but for practical utility, to be reasonably safe in all ordinary conditions, a two- 
compartment standard should be aimed at. With a one-compartment standard the vessel will be safe if 
the bulkheads remain intact ; but if one bulkhead is pierced the vessel must founder, and the variations 
in the value of the factor of subdivision between 1 and °5, i.e., between a one and two-compartment 
standard, will only influence the “time” which the vessel may take to founder. The same argument 
applies if two bulkheads are pierced in a vessel having a factor bétween ‘5 and *33. Time is, of course, a 
valuable factor in bringing into play the other methods of life saving-boats, wireless, &c. 

From a study of Diagram IX. it will be observed that the Bulkhead Committee’s proposals will give 
a two-compartment standard at a length of 572 feet for the mixed passenger and cargo steamer (curve B), 
and 490 feet for the purely passenger steamer (curve C). It, therefore, follows that if, in a vessel of less 
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length than those given aboye, a bulkhead is pierced so that water is free to enter two compartments, the 
vessel must founder. 


In applying the regulations based on curve B, it was found that the length of the hold immediately 
forward of the boiler room required for certain trades could not be obtained, and in order to meet such 
requirements the rather illogical expedient was adopted of permitting a lower standard of subdivision aft 
of this hold, provided a somewhat higher standard were complied with forward. This resulted in the 
Board of Trade alternative B 2 curve, shown in the diagram. 

The standard proposed by the Informal Committee for the mixed passenger and cargo type is lower 
than either of the above, for the two-compartment standard is not reached until the length of the vessel is 
nearly 800 feet. The standard for the purely passenger steamer is practically in agreement with that 
proposéd by the Bulkhead Committee. 

It will be obvious that the ideal standard of safety has not been reached, that commercial utility will 
not permit of its attainment, and that the various forms of life-saving appliances must still occupy an 
important position in the outfit of every ocean-going vessel. It is not suggested that the proposals are 
inadequate, but it is well to realise the practical limits of such proposals. 

(2) The method of calculating the Flooding Curves: As the investigations on which the regulations 
are based followed on the loss of one of the largest passenger liners, it was to be expected that the “lines” 
of such a vessel would be used for the purpose of the investigations, and I believe this was actually done. 
I think, however, it would have been better had several types been investigated, for in the many cases 
which we have dealt with, it has been found that at all vulnerable points in the subdivision curve, the 
ordinate of floodable length after making all necessary corrections was greater than that given by the 
standard curves. 


A standard form could have been chosen, therefore, which would have reduced the corrections 
required, and might even have rendered such corrections unnecessary in all but vessels of exceptional 
form. ; 


When the form of the vessel approximates to that of the standard, the results obtained agree very 
well with those obtained by direct flooding calculations, but when considerable variation in form takes 
place the results are less reliable, and one extreme case was brought to my notice where the difference 
amounted to 10 per cent. at one vital part of the curve. 

Another important factor is the permeability assumed. This may be reasonably accurate in the 
average, but cases must and do arise where the permeability of one or more compartments departs very 
considerably from the standard, and such variations cannot be allowed for when determining the sab- 
division of the vessel. Further, a change in trim which may vary from 1 to 4 feet must upset a standard 
which is based on the assumption that flooding a one compartment vessel will sink her to a margin line 
which is only 3 inches below the bulkhead deck, but no allowance is made for such change in trim, 


It must be obvious that the presence of so many variations as— 


(a) the factor of subdivision, 

(b) the permeability assumed, 

(c) the correction for form, 

(d) trim, and 

(e) the criterion of service, 
tend to introduce errors, which seriously affect the accuracy of the calculations, and if cumulative (which 
might easily happen) would give results which were far removed from the truth. 


Without disparaging in the slightest degree the work performed by the various Committees, I think 
they might have carried their investigations further, and with at least the same degree of accuracy could 
have evolved a simple rule giving number of bulkheads on a basis of length, as is done in the rules of the 
Registration Societies, but with the addition of a limiting length of hold depending on the length of the 
vessel and the longitudinal position of the centre of each hold. 


A separate rule might be required for the purely cargo and the purely passenger types. 
§ I i y carg § 
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As an alternative, a standard flooding curve could be given for each type, and thus the problem of 
fixing the position of the bulkheads could be solved in the design stage when “lines” plans are not 
available, instead of by the lengthy and complicated calculations required by the present regulations. 


In conclusion I would like to point out an oversight on the part of the author when he states that 
Great Britain is the only Signatory Power which has given practical effect to its obligations. The 
Belgian Government adopted the same regulations as the British Board of Trade under the provisions of 
the law of 25th August, 1920, on the safety of vessels, and these regulations apply to all vessels whose 
keel was laid after Ist April, 1921. 

T have to thank Mr. Johnson for his most interesting paper. 


Mr. E. W. BuocksipGe. 


Before making any remarks on the subject under discussion I would like to congratulate Mr. Johnson 
on the comprehensive and complete method of compiling the facts in his paper. It is a pity that the cir- 
culation is limited to members of the Staff Association, for such an accumulation of information on an 
important subject would be of the greatest value to Board of Trade Surveyors and Naval Architects. 

I well remember my experience in Greenock when dealing with the subdivision arrangements of a 
passenger ship before the issue of the printed regulations. Both Surveyor and Naval Architect were 
feeling their way in the dark, consequently, the investigation occupied about a fortnight. It was the 
intricate methods adopted and the length of time taken in applying the regulations which created so 
much opposition by the builders and owners to the introduction of regulations. 


It is argued that, with the amount of investigation made before the regulations were issued, some 
simpler method of application could have been devised without the necessity of so much time being required 
before the outlines of a design can be placed by the builder before the owner. The explanations given by 
Mr. Johnson show that there is a tendency now towards simplification, although to most of us unacquainted 
with the practical application of the rules, the methods adopted still seem complicated. 


Owing to the war the subdivision regulations have not received international agreement, so that 
while British passenger ships must comply with the requirements, ships of other countries, whose passenger 
certificates are recognised by the Board of Trade, can trade with this country without complying with 
the terms of the Convention, an unfortunate position which is not regarded with favour by the British 
shipowner. 

The computation for ths position of loadlines is now so involved that to suit the varying conditions 
of service a passenger ship can be marked with three load lines. The centre of the disc being the position 
when the ship is carrying cargo only, and the other two depending on the number and position in the 
ship of the passengers carried. 

When the subject of the safety of life at sea was being taken up by the Merchant Shipping Advisory 
Committee, Mr. Archer, the principal Ship Surveyor to the Board of Trade at that time, pleaded that 
before formulating any detailed proposals for life-saving appliances the ship herself should be designed to 
be a lifeboat in itself. Subsequent regulations appear to have developed along these lines. 

The basis of the subdivision regulations depends on a variable standard of permeability which is 
applied throughout the ship. 

The experience gained during the submarine war seems to suggest that some vessels with a close 
spacing of bulkheads forward derived considerable advantage when torpedoed or struck by mines over 
other ships with a wider spacing of bulkheads, and yet, on the whole, there was no pronounced difference 
between ships designed in accordance with the Convention regulations and those built before 1912. 
The “Titanic,” although having her shell plating ripped open for nearly half her length, remained afloat 
for two hours and 20 minutes, while other ships of more recent design went down in 20 to 35 minutes 
after casualty during the war. This reference is made in support of the argument that the value of sub- 
division depends mainly on the nature of the casuality, and it is, therefore, suggested that if a strict regard 
is paid to close spacing of bulkheads forward, more latitude could be given to the spacing of the bulkheads 
in the cargo holds to suit the service of the ship. The difficulties are more pronounced in the “mixed” 
type of passenger ship trading east rather than the purely passenger ship engaged in the Atlantic trade. 
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The subject under discussion is a never ending one; the wheels of progress move very slowly. The 
introduction of new regulations for one particular feature of design affect other regulations, and ‘thus we 
find many conflictions before we come to uniformity. 


Mr. G. R. Epaar. 


During the past few years, with the gradual development of regulations on the matter of subdivision, 
a mass of information, reports and proposals, has gathered round it, so that it is almost impossible for 
those not continuously in touch with the subject to understand clearly the true position of any case. 
Mr. Johnson’s paper, setting out the various stages in chronological order, presents the facts in the clearest 
manner, and the explanations given throughout the paper make the various considerations as apparent, as, 
I suppose, it is possible for them to be. 


On page 15 the origin of the factor of subdivision is referred to, but it would have been of service if 
the author had made clear the limitations of the factorial system. This has been the subject of much 
discussion, which takes its rise in the facts that when a ship is bilged, it is compartments, whole 
compartments, which alone limit the damage, and it is the length of compartments required for a particular 
trade, that is, the length of whole compartments, W hich limit the possible number of bulkheads which can 
be introduced from the economic point of view. Consequently, as finally the length of compartment can 
not be adjusted and cannot function to fine limits, there is at least some doubt as to the desirability of 
attempting such a smoothly graduated standard. The author has furnished an excellent example of this 
in diagram XI. where Me 1s obvious that cases 1, 2 and 3 do not exhibit the difference in values for factor 
of subdivision -768, °742, and °691 respectively. It is idle to my that the difference would have been 
apparent had hold 3 fs ‘made some other length in cases 1 and 2. In these cases, which are typical of 
a large number, it is impracticable to give effect to the smooth gr aduation of the standard. The factorial 
system has been put aside for a stepped graduated scheme in the case of steam 3, 4 and 5 ships of the 
home and coastal trades, and, as the reason for this is exactly the same as that productive of the anomaly 
just referred to, it would scem that there is precedent for the introduction of a graded scheme in the case 
of ordinary passenger vessels. 


With regard to diagram IX. and to curves B and G, it is seen that these approach one another below 
400 feet length of ship. Having taken C as a “maximum” passenger vessel curve, does not this mean 
that the minimum passenger vessel (practically a cargo vessel) is required to have a relatively higher 
aac 8 Bhar Nga ey He a ae ’ 
standard of subdivision below 400 feet than above it, and is not this rather unjustified ? 
When dealing with the criterion of service on page 23 the author refers to the higher criterion limit 
: . 5 . ” > . . oS A 
associated with “maximum” passenger accommodation. Would he give some idea as to how it would 
= known if a proposed vessel were of this type, or, in other words, what relation of space proposed for 
pe, 
passengers to total space below bulkhead deck, constitutes “maximum” accommodation for passengers. 
[ do not refer to such a vessel as the “ AgurTanta,” but, for example, to a 400 ft. ship. 


In conclusion the author is to be congratulated on his lucid explanation of the existing subdivision 
position, and one for which I am very much indebted. 


Mr. B. C. Laws. 


I have very little to say on this paper except by way of appreciation of the industry and labour of 
the author in compiling such a volume of detail. I am‘sure the paper will add very considerably to the 
value of the proceedings of the Association. 


I think the paper may suffer a little from the apparent endeavour of the author to make it so complete 
as to leave little room for further explanation or for much criticism. 


To discuss the paper in detail would take up much more time than can be devoted to it at these 
meetings, and all one can do, apart from expressing one’s appreciation, is to touch upon a few important 
factors. 


— 
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The author says, truly, that the first real endeavour to set out some guide to designers with a view to 
assuring the safety of a vessel by a reasonable spacing of bulkheads, was embodied in the Report of the 
work of the Committee specially appointed in 1890-91. 


He says that there were many weak points in that Report and that the Committee itself stated that 
the Curves and Tables could not be held to apply rigorously to all vessels under all conditions, but that 
they were intended by the Board of Trade as an approximate guide in dealing with the question of sub- 
division generally. 

I do not consider this statement to be an admission that the work of the Committee was unreliable. 


However accurately the calculations upon which the Report was based might have been made, it is 
quite impossible that in actual practice the results could be, in most cases, more than an approximation to 
what might be desired, considering the relative meagre information available to the Committee at that 
time, and more especially for the reason that with the varying forms of vessels and the many conditions 
under which ships sail the seas only the average case can be legislated for. 


Where owners were jealous of the safety and well being of their ships special calculations were made 
—and will still have to be made—in individual cases. 


The first case which I personally calculated related tu one of the Orient steamers, and I well remember 
the great amount of tedious work which was involved in the calculation. So far as I know, her bulkheads 
were never tested under normal damage conditions, and the vessel was ultimately lost due to enemy sub- 
marines at the end of the Great War. In the calculation the only part of the Committee’s recommendations 
assumed as a basis was the margin of safety line, but it was found ultimately that the bulkhead tables 
were fairly prophetic of the actual calculated positions of the bulkheads eventually adopted. 


I have often wondered how the formation of the Margin of Safety line referred to came to be fixed at 
3 per cent. of the moulded depth below the bulkhead deck amidships, and 1} per cent. at the ends of the 
vessel. 

Perhaps the author can throw some light on this point ? 


If a compartment were bilged the measure of safety of the vessel is at once reduced by an amount 
represented by the loss of moment of inertia of the water plane area in the compartment, provided the top 
of the latter remains above the water line at which the vessel ultimately floats. 

If, however, the top of the compartment is situated below the ultimate position of the water plane, 
the vessel is relatively in a much better position as regards safety, due to the water plane area being intact, 
and only varying from the normal by reason of the form of the vessel herself. 

Viewed in this way it would seem that when decks are watertight and the openings fitted with 
coamings, that provided the compartment is watertight right up to and af the deck itself so that water 


does not flow over the tops of the bulkheads, the vessel would be less near disaster when the deck is just 
submerged than she would be otherwise. 


I have not had the opportunity to go into the details of the latter part of the paper, dealing with the 
methods adopted in approaching the problem of subdivision, but as little or no reference is made to stability, 
it would seem that the latter has not directly entered into the calculations. I think I may not have quite 
gathered the meaning of the paper on this point. It is not sufficient to say that a vessel will float at a 
draft below the margin of safety line when one or more compartments are bilged, without at the same time 
being able to guarantee that in this condition a reasonable amount of statical stability is preserved. 

The author says that only passenger ships are subject to subdivision regulations. There seems to be 
a misconception, in the lay mind, chiefly as to the reason for not including cargo vessels. It is argued that 
cargoes are vital and, together with the members of the crew, should be safeguarded against possible 
disaster at sea. 

It may be stated broadly that the passenger to the passenger vessel bears the same relation as cargo to 
the freight carrier, i.e., each is the source of income to the owner, but while the passenger vessel may be 
subdivided without detracting from its earning capacity, to apply a similar ruling to cargo vessels would 
very largely destroy the usefulness of the latter, and if such ruling were enforced would almost certainly 
destroy certain classes of trading. Owners are therefore left free to adopt the principles of subdivision if 
they desire. 
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I think it is most satisfactory to leave the matter in this position, and does not in any way savour of 
preferential treatment of the passenger to the neglect of the less favoured (socially) members of the crew. 


The work which has been done by the Committee which has had the matter of subdivision in hand 
has been enormous, and the members of this Association are justifiably proud of the great part borne by 
the Society’s chief ship surveyor in arriving at the conclusions reached, the salient details of which have 
been so well set in the paper presented to us this evening. 


Mr. J. Hopeson. 


We have already had recorded in the Transactions of our Association the complete record of the 
gradual evolution of the freeboard regulations, which, in their new form, are generally considered to be, 
both in their incidence and mode of application, more or less satisfactory to all interests. It will be 
remembered, however, that this result has only been attained after many years. 

Subdivision regulations, compared with these for freeboard, are still quite young, and it would be 
wrong to assume that the stage which has now been reached by the former, is either completely satis- 
factory or final. 

The very adverse effect of the requirements of the 1913-15 Committee upon the economic value of 
the mixed type of cargo and passenger ship, rendered some drastic modification to these regulations 
almost inevitable. 

The aim of the Shipping Conference and Informal Committee of 1920 appears to have been to 
obtain, in any ship, the maximum degree of safety consistent with retaining a minimum length of hold 
necessary for commercial efficiency. 

If the basis for standard of safety adopted by the Committee be accepted as satisfactory, then this 
object seems to have been more or less achieved, because the revised proposals, at all events, give lengths 
of compartments more suitable for the successful functioning of each particular type of vessel. 

Whether this proposed standard of safety, however, as at present applied, is either equitable or 
satisfactory, 1s open to question, and will, I think, be subjected to further criticism. 

In the first place the first International Convention laid it down that the standard of subdivision 
should vary in a regular and continuous manner with the length of ship and nature of service. 


The Informal Committee has evidently continued the attempt of the earlier Committee to satisfactorily 
meet this requirement. 


Although it may be quite agreed that the standard of subdivision should increase with the length of 
vessel and nature of service, it is already recognised, that with the factorial system adopted by both Com- 
mittees for assessing permissible lengths of compartments, a ‘‘continuous”’’ increase in the standard of 
safety against loss is impossible. Mr. Johnson, from his remarks at the top of page 21, evidently agrees 
with this. 

If we define the standard of subdivision as the degree of safety against the loss of the vessel the point 
is well illustrated by reference to diagram XII. Case 3, there shown, is supposed to have a much higher 
degree of safety than either case 1 or 2, yet if it be borne in mind that none of these vessels would remain 
afloat with two adjacent compartments bilged, and if we consider the compartments forward of -the 
machinery space, which are the most vulnerable, the degree of safety against sinking is no better in case 3 
than in the other two, in fact it is slightly worse if the position of bulkheads be taken into account. 

This anomaly will frequently occur, because each time an extra bulkhead is required, consequent upon 
increase in length of vessel or criterion of service, there is bound to be a distinct step in the degree of safety 
against loss, and the Committee appear to be searching after the ‘ Philosopher’s Stone” in endeavouring 
to obtain or even aim at this continuous increase in the standard of subdivision. Mr. Thomson, in his 
remarks, attributes this irregularity to some defect in the criterion of service, but this cannot be so, 
because the criterion of service is merely part of the gradually increasing factor of subdivision, and it is 
this factorial system which causes the above mentioned inequitability between ship and ship. 

It would appear, therefore, that advancing the standard of subdivision by suitable grades, as has been 
advocated by some critics, would be equally effective and more equitable. 
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The wide nature of the modifications to the permissible lengths of compartments, which the new 
Committee has recommended, is readily seen from a comparison between curves B and A in diagram LX, 
which show an increase in the length of compartments of the order of 30 per cent. to 40 per cent. 


This merely proves that upon whatever theoretical basis or procedure the permissible length depends, 
its actual value is very indefinite and elastic, and is influenced by opinions based upon widely different 
points of view. From the above curves its possible accuracy is evidently not within 30 per cent. 


If this be admitted, then much point is added to another criticism which has often been made of the 
regulations. I refer to the rather laborious method of obtaining the curve of permissible lengths. 


Althongh the Informal Committee reduced to some extent the amount of calculation, by simplifying 


the method of determining the criterion of service, the remaining part of the work stands as originally 
recommended. 


After the subdivision regulations were first inaugurated it was one of my duties to apply them to the 
design of new vessels, and I can say that the amount of extra work and difliculty, thereby involved, was 
very considerable. In the tentative stage of a design it is not generally convenient, and time not always 
available for the carrying out of the detailed calculation required. The full calculation had generally to 
be done twice or thrice to obtain a suitable spacing of bulkheads, which later on had often to be altered 
with attendant upsetting of the arrangements, as a result of some slight modification in one of the 
several influencing factors. It may be a minor point but, in my opinion, this matter has some 
economic importance to-day when no item of cost is so small as to obviate close scrutiny. It should be 
remembered that this flooding calculation has to be done by every firm tendering for a new vessel, 


and then usually once again by the successful firm, which all, in the aggregate, tends to increase the cost 
of ships. 


For this reason I think it is very desirable that the compulsory statutory method of arriving at the 
floodable length should be much simplified, and there does not appear to be any logical reason why it 
should not be. 


If it is agreed that the permissible length is only an arbitrary quantity, and from the theoretical point 
of view only correct to within 30%, then the floodable length curve, from which it is derived, need only 
be very approximate so long as it conforms to some official standard of computation. 


For instance, the correction for form calculation given on page 37 which involves a great deal of 
calculation, might well be dispensed with. The correction in the floodable lengths due to this is on the 
average about 5% and generally the error is on the safe side. When it is considered that the calculation 
takes no account of change of trim, which is itself a change of form, and when the assumed values of 
permeability may never obtain in practice, this part of the calculation seems to be an unnecessary refinement 
gi regard to the degree of accuracy of the required results. 


Any benefit in draught or length of compartment which results from correction for form merely has 
significance so long as this correction is a compulsory part of the regulations. 


Further, although the Committee’s method of presenting the ordinates of floodable length curves 
illustrated in diagram 1V is no doubt elegant and ingenious, | think that most designers would prefer to 
have the results in the form of tables based upon the known volumetric co-efficients of the ship and 
modified as necessary by suitable formule for alteration in Freeboard and Sheer ratios. 


Tt seems that there is almost an analogy here between these and the freeboard regulations ; the latter 
would be much more involved if, in every design, it was necessary to calculate accurately the reserved 
buoyancy in order to know the freeboard, instead of this being obtained by a simple arithmetical com- 
putation in a few minutes. 


From the various suggestions which have been made from time to time it does not appear to be 
impossible to devise some much more simple method of obtaining the required spacing of bulkheads 
quickly and quite within the degree of accuracy required. I suppose the best means of attaining this 
would be to appoint an Informal Committee of ship designers to investigate the matter where the ship 
owners have left it. 


At all events I think it is true that criticism on the two points I have mentioned has been persistent 
and general, and it is probable that eventually something may have to be done to meet it. 
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In conclusion, I would add my thanks to Mr. Johnson for the admirable piece of work which he has 
given us and which, I think, represents only a modicum of the labour and thought which he has expended 
on the question of subdivision. 


Mr. W. Tomson. 


The problem of securing the absolute unsinkability of a ship by a stringent system of subdivision is 
one for which there is probably no perfect solution, so that in considering this question it is well not to 
dwell too much on the ideal but to concentrate on the practical and practicable. 


In order to secure a basis at all for calculations of this order it is necessary to make various 
assumptions, and the closer these approach to the conditions actually encountered in a vessel making a 
voyage, the more nearly will the disposition of bulkheads so determined fulfil the desired object. 


Very little fault can be found with the assumptions made by the Bulkhead Committee in determining 
the floodable length curve although it does seem a refinement to fix a margin line at 8 inches below the 
bulkhead deck; no harm would be done if the calculations had been made to the deck and the margin 
line omitted altogether. 


Some criticism has been levelled at the complexity of the calculations necessary but, while these 
may be rather irritating to a designer, when the time and cost of building a passenger vessel are considered, 
the labour expended on these calculations is comparatively trifling. 


The Bulkhead Committee curves for floodable length are wholly admirable, but a very different 
picture is presented when the question of the permissible length of hold is considered. 


The International Convention presented two curves B and C of permissible length factors, and for 
the last ten years a storm has raged round them. 


Curve C for passenger ships seems reasonable, and the principal ground of attack has been the alleged 
undue severity of curve B for vessels of the mixed type. The author states that this curve was based on 
Jerman practice and had been in use in Germany for some time, and I think it would be helpful if he 
could state if the German authorities met with much difficulty in administering it, since it has been so 
positively asserted that it is impossible to run, on a commercial basis, a vessel subdivided in accordance 
with the requirements of this curve. 


As pointed out in the paper, various alternative suggestions for the modification of curve B have 
been made, but apparently these proposals have mostly been drawn up by first setting out the length of 
hold which the owners desire and then making the curve to suit, a somewhat unsatisfactory basis on 
which to found so important a curve. 


It is quite possible, of course, that the curve so obtained is satisfactory from a technical point of 
view, but the author might with advantage enlarge a little on this point. Given curves B and C, the 
next problem is the application of the regulations to vessels of the intermediate type. 


The author very fully sets forth the very many difficulties encountered in the search for a solution 
of this question which is probably the most difficult part of the whole problem. So many possible 
solutions have been tried by the various committees that it must be accepted that the one now proposed 
is the best, or more correctly, the least objectionable, available. The final result is best studied 
by considering the sketches in diagram XII., and a comparison of cases 1, 2 and 8 affords food for 
thought. 


From these it would appear that by shifting the bulkheads a few feet the subdivision at the fore end 
can be made to comply with the regulations for either 272 passengers above the deck or 600 passengers 
above and below the deck. 


The author points out that there is a somewhat greater margin of safety in the first case than in the 
second but, even so, the comparison is striking. 


The fact that it is hardly possible to suggest what change should be made in the subdivision to meet 
this apparent anomaly merely illustrates the intricate nature of the problem. 


=== 
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Mr. A. G. AKESTER. 


I have read this paper through with more than usual interest, for the question of subdivision is 
indeed a fascinating one—though at times elusive enough—to those who have been in any way closely 
connected with it. Mr. Johnson has been particularly modest in omitting any reference to his own services 
in relation to this important question, but that these services must have been considerable are evidenced 
by the very comprehensive and up-to-date paper he has laid before us to-night. 


The recent attempts to establish an ideal subdivision system are not only interesting in themselves 
but also instructive by comparison with those that have gone before. It is of importance to note that 
whereas the 1890-1 Bulkheads Committee report was not acted upon, both those prepared (a) in Germany, 
subsequent to the “Elbe” disaster, and (6) in our own country after the loss of the “ Titanic,” were made 
statutory, and, in the words of the author, “applied by the Authorities with more or less rigour.” 


Mr. Johnson has dealt in some degree of detail with the Report of the Bulkhead Committee of 
1912-15. There can be no doubt that this committee evolved a very fine piece of work which, with all 
its faults, is still the basis of subsequent schemes pieced together by its critics. There can equally, how- 
ever, be no doubt that parts of the scheme pressed too heavily on certain types of ships, more particularly 
that known as the “mixed” type, though, as Mr. Johnson indicates, this was rather the fault of the 
International Convention in laying down certain laws, than of the Bulkhead Committee itself. There is 
one thing, however, which, at least in the way Mr. Johnson puts it, I find rather difficult to reconcile, and 
that is in regard to the standard of subdivision. 


On page 15 we are told that the Convention factorial curves, and for that matter also the 1912 
Committee’s curves closely follow those of the German standard. Let me quote the words: “The 
Germans increased the standard of subdivision with the length of the vessel through a series of steps, and 
the factorial curves of the Convention are, for the mixed type, practically a fair line drawn through the 
average values at each step, and, for the purely passenger type of ship, a fair line through the minimum 
factorial value at each step.” This being so, it seems strange, therefore, at first sight, that these factors of 
subdivision already applied in Germany should prove so detrimental to the economic operation of shipping 
belonging to other countries. Perhaps Mr. Johnson will be good enough to throw some light on this 
point. Reference to diagram IX. shows also the possible wide variations in the position of this “ B” 
curve. 


The author gives a useful summary of the report of the last Bulkhead Committee, in so far as it 
applies to the determination of the positions of the bulkheads in a ship, and also illustrates the effect of 
varying some of the basic factors. 


In connection with this, I should like to draw attention to diagram V., which shows the effect on 
the normal curve of floodable length by a variation in the sheer ratios. The diagram, as shown, is not 
quite correct for the sheer ratio nought, for this is not a single fair curve, as shown, but should be two 
curves forming a cusp at the position of the centre of flotation corresponding to the deep water level, and 
should meet the other flooding curves having varying sheer ratios at this point. 


This particular result is important, for it necessitated the little corrective diagrams on the main 
diagrams at positions 45 and 50 per cent. from aft, in order that accurate flooding curves might be 
obtained for vessels having low sheer ratios. 


Mr. Johnson also refers to the effect of length on the flooding curve, which may at times be con- 
siderable. The actual standard ship upon which the flooding calculations of the Bulkhead Committee 
were based had a stern which was neither of the ordinary merchant type nor yet of cruiser form, The 
overhang of the stern at the level of the load water-line was, however, appreciable—about 13 feet if I 
remember correctly. For all the flooding and other calculations the length of the standard ship was taken 
to the centre of the rudder stock, and that part of the stern abaft this point was neglected. It would not 
be difficult to correct for an increased length, should this be desirable, and in the following manner: First, 
by adjusting the curve ordinates at each station so that they take up their correct position on the increased 
length base, the greatest movement taking place at the after end, while the fore end remains as before ; 
and then reducing the ordinates in the new positions in the ratio of the two lengths, since the flooding 
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ordinate is now a less percentage of the length than formerly. This method would likely give better 
results than by starting with the length measured over the stern, thereby having a centre of flotation 

unusually far aft, and which would necessitate a large correction for form and possibly introduce further 

errors. 


CORRESPONDENCE. 


Dr. G. W. WEBSTER. 


Mr. Johnson’s extremely interesting paper does not permit of much criticism because of its historical 
nature. He, however, brings out some very important points, a particularly interesting one being the 
question of the bulkheads stopping at the second deck in an awning or shelter deck vessel. With the \| 
antiquated tonnage and freeboard rules, the reason for this type of vessel can be perhaps understood. 
With the advent of the new rules, however, it seems not unreasonable to expect that some of the anomalies 
would disappear. ‘This does not appear to be the case in regard to the question of height of bulkheads / 
above the water line. 


In an awning deck vessel built with scantlings to the C.S.S. Rules, it is the practice to assign a free- 
board corresponding to Table C of the freeboard tables irrespective of the position of the second deck. For 
example, a ship built to the C.S.S. Rules and having no tonnage opening, wili get the same freeboard if 
the *tween deck height is 7 feet, 8 feet, or 9 feet or more, and, in some vessels with deep ’tween decks, 
it would be quite possible to have the W.L. above the second deck, i.e., above the top of the bulkheads. 
If, now, the draft corresponding to Table C freeboard is not sufficient for the owners’ requirements the 
scantlings can be increased by interpolating between the scantlings of a C.S.S. vessel and a F.S. vessel. 
In such a case, however, in addition to the main frames being extended to the upper (shelter) deck, it is 
also the practice of the Committee to ask for the bulkheads to be extended to the upper deck. That is to 
say, as long as the vessel is built to the C.8.S. scantlings no attention is paid to the position of the top of 
the bulkheads in relation to the W.L., but as soon as this standard of strength is departed from and the || 
ship is made stronger in order to obtain, perhaps, only a few inches more draught, then the height of the 
bulkheads becomes such a vital consideration that they must all be extended 7 or 8 feet higher. It is 
inconsistent to legislate for subdivision requirements in one vessel and ignore them in another. 


The fulfilling of the requirements of the Bulkhead Committee which the Board of Trade are now 
insisting upon involves a large amount of work, but probably, the more serious side of the question is the 
expense. In addition to the subdivision requirement arrived at only after tedious calculations, there are, 
as Mr. Johnson rightly points out, numerous requirements regarding details of construction such as water- 
tight doors, fire-proof bulkheads, &c., which add very seriously to the cost of the ship. Indeed, ina large 
liner the cost of the watertight door system must approach the cost of a whole ship 30 years ago. With, 
perhaps, 18 or 20 doors in the ship capable of being operated by hand at the door or from the bulkhead 
deck and by power at the door or from the bridge, the cost must be serious. 


In diagram V. Mr. Johnson illustrates the effect of variations in sheer from which it will be noted 
tbat reductions in sheer below a reasonable normal (ratio usually about °30 forward and 15 aft) have 
rather a serious effect on the floodable length, while, on the other hand, similar increases above the normal 
haye considerably less effect on the floodable length. I do not agree with the curve that Mr. Johnson has 
shown for zero sheer ratio. The curve, in my opinion, should have a cusp amidships with its apex at { 
the centre of flotation, and all the curves should run through the same spot at the centre of flotation, with 
the exception of, perhaps, those for the highest sheers (which may have a slight rise in sheer above amid- 
ships at the position of the centre of flotation). 


On page 12 Mr. Johnson rightly points out that, for a distinct variation in permeability, it is 
incorrect to assume that the floodable lengths vary inversely as the permeability, but it is interesting to 
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note that differences in floodable lengths vary inversely as the permeabilities. The formula given clearly 
shows this, for the latter part of it is a function of the differences in the floodable lengths for the two 
standard permeabilities, and the function is given by :— 


beside 

#100 \hich reduces to 3/5 ee -—1 
a iad i eth Ih 

60 100 


In regard to Mr. Jonson’s references to the subdivision of cargo ships, it might be useful to note 
that, as the result of an examination of a large number of cargo vessels, I have found that under normal 
conditions and freeboard, as assigned by the Board of Trade Rules for a cargo vessel. a one compartment 
standard of subdivision (with two compartment standard amidships) can be obtained with seven bulkheads, 
by making the compartments approximately of the following percentage lengths :—Fore peak 5}, No. 1 
hold 174, No. 2 hold 174, machinery space and cross bunker 203, No. 3 hold 174, No. 4 hold 15, 
aft peak 64. 


REPLY BY THE AUTHOR. 


The controversy which has been for so long associated with subdivision may broadly be divided into 
two main schools of thought, viz., that which has been advanced in support of the factorial system, and 
that which on the contrary, is opposed to it. 


” 


In the former case it is contended that the method provided a scheme which is “ orderly” in effect, 
giving a gradually increased standard of safety with increase in length and as ships vary from the mainly 
cargo to the purely passenger type. In the latter case it is asserted that the factorial system in 
application is “disorderly” and the true conditions would be better realised by a system based upon 
length grades. It is certain however, that the subdivision of passenger ships will remain under the 
control of the Board of Trade in fulfilment of the obligations undertaken by this country under the 
International Convention. Until such time therefore, as the Convention is reconsidered by the maritime 
nations in conference the factorial system is Jikely to remain an integral part of any complete scheme 
of subdivision used by the administrative authorities. | 


From the discussion of the present paper, it would appear that in general, opinion is opposed to the | 
factorial method mainly on technical grounds, and diagram XII. in the paper has been referred to as 
evidence in support of this view. In my opinion this criticism is a fair one, and the examples used in 
diagram XII, in illustration of the criterion of service, were chosen with dual purpose as is indicated 
in the paper in the comments of the various cases. Mr. Thomson, however, is in error when he attributes 
the anomalies which are brought out to the criterion of service. The fault lies with the factorial system. 


Subdivision is not “orderly” in its progression from ship to ship. Some time ago the author 
endeavoured to establish the various limits within which ships of various sizes and types would, while 
satisfying the subdivision regulations, require a constant number of bulkheads, and it was found that 
broad zones could be laid down which covered the majority of cases, but not with such definition as 
would meet administrative requirements. These zones plotted diagrammatically, showed that in practical 
application, subdivision progressed in stepped fashion and not as represented by the curves of factor 
of subdivision. It is this fact which supports the view that a graded system of subdivision more nearly 
meets the case and it is difficult to see why the International Conference did not adhere to the 1890 
Bulkheads Committee Report in this respect. 
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The Informal Committee have introduced modifications which should considerably alleviate previous 
hardships, especially if, having regard to the assumptions underlying the calculations, control is reasonably 
administered. 


Mr. Townshend has referred to the position of the cargo ship carrying few passengers. The position 
of these ships has been greatly improved by the Informal Committee. The regulations still apply to all 
ships carrying more than twelve passengers, but this number can now be reasonably increased before the 
minimum standard of subdivision is departed from. 


As regards the permeability of an oil fuel bunker, a point raised by the same speaker, this information 
will not be required for the purposes of the calculations using the new method for ascertaining average 
permeability. Such compartments may however, be viewed in relation to draught as being either 0% or 
100% permeability, but in any case the fitting of these bunkers provides additional safeguards to the ship, 
being arranged in smal] compartments and providing an efficient inner skin. 


Mr. Thomson and Dr. Laws both refer to the 3-inch margin line. While unable to state definitely 
the origin of this it might be reasonable to suggest that those responsible for its introduction wished to 
arrange that the flooded waterline would not in any case cut the moulded line of deck, even when a wood 
deck was fitted. 


Several members suggest that as curves B and C were based on the German system and there found 
workable, there should be no apparent objections to the same standard being applied to British ships. 


The Germans used a graded stepped system and, as stated in the paper, curve B was averaged as a 
fair curve throngh these steps, but the Germans used step limits and not intermediate values between the 
steps and the new curve A although independeutly derived, when superimposed over the German diagram, 
practically passes through these limits. It should also be remembered that in certain cases the German 
scheme imposed no draught penalty for passengers carried in one “tween deck, also the remark in the 
paper as to these regulations being applied with “more or less rigour” should be observed. Curve C 
almost follows the higher limiting stepped values of the German scheme and this curve remains in the 
British code. 


It is somewhat difficult to follow Mr. Hodgson’s remarks regarding the amendment to curve B. It 
is hardly a question of accuracy being only within 30 per cent., the point is rather that the standard for 
the almost cargo ship has now been made reasonable. Any standard can, if desired, be applied with 
accuracy to a ship, but in a general scheme the lower limiting factorial values must be assessed on a basis 
having full regard to the economic freight factor, the predominance of which is gradually transferred 
to geometrical considerations as the high class ship is approached. The standard of subdivision in every 
case can only be such as will not unduly injure the purpose for which a ship is intended. Mr. Watt has 
emphasised this point. 


While fully sympathising with Mr. Hodgson and other members who desire greater simplicity of 
method in the calculations, and the designer would certainly gain by further modification, it must be 
remembered that draught is a major consideration with the shipowner, and the builder must satisfy him 
that the maximum assignment has been obtained. He is not interested as to whether the calculations 
are tedious or otherwise. Mr. Hodgson is not altogether happy in his analogy with the Freeboard 
regulations on this point. 


Dr. Laws is correct in his interpretation of the comments made in the paper on the work of the 
1890 Bulkhead Committee, but while the report of the Committee was applicable to ships within the some- 
what narrow limits of the scheme, it was not at all suitable for general administration, and this became 
increasingly the case in view of the great development in passenger ship design which took place in the 
years following its issue. 


Mr. Edgar points out the illogical trend of curve B relative to curve C in its application to ships 
below about 400 feet in length. This has been realised and is remedied in the form given to the new 
curve A, 
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Acceding to Mr. Edgar’s request the following table has been drawn up giving values of the 
proportion of passenger and other spaces to the total volume of the ship to the bulkhead deck. The 
symbols used in the columns having the same significance as in the two criterion formule :— 


PASSENGERS. See _ PER- 
LENGTH | __ M P P PERCENTAGE Opt TERION CENTAGE 
IN =a > ag?) ai ler ortaee OF or RANGE 
Fret. Above Below Total 2 p heyelaiegags SERVICE.| CURVE 
Deck. Deck. teay ficeat A io C. 
330 35 — 35 “BDO 026 0 266 29 6 
420 50 _— 50 283 023 0 228 23 0 
430 85 a 85 "160 038 0 “130 16 0 
450 145 — 145 “186 “O15 0 162 15 0 
480 155 _— 155 “180 055 0 “156 20 0 
440 240 450 690 232 236 “079 ch By 44 21 
470 50 1,275 1,325 373 372 396 “300 84 61 
500 80 235 315 “196 092 “146 “160 35 12 
520 490 1,280 1,770 237 “468 262 190 70 47 
530 15 675 690 280 “166 “110 237 42 19 


The deep sea purely passenger ship of 400 feet in length is not usually found in practice, also there 
are few ships over about 500 feet in length which carry no passengers. 


The curve A ship may be described as having approximately a total volume (V) to the bulkhead deck 
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equal to ib, then M = :2V, N= 1000, P= 0,,. and P, =-6LN. 


Similarly a curve C ship might be taken as having 
M = -7V, P= pv ie.:—P >P,. 


Substituting these values in the two criterion formule it will be found that criterion of service 
values of about 23 and 123 are respectively obtained. 


There is no limit, as suggested by Mr. Blocksidge, to the number of alternative load lines which can 
be assigned to a ship to meet the conditions of interchange of cargo into passenger spaces and vice versa, 
the desire of the owner is the deciding factor in this matter. 


Mr. Akester outlines a suggestion for dealing with the subdivision length of cruiser stern ships, but 
my own view is that some very simple correction would suffice to meet this case. For instance, for values 
of the ordinate of the sectional area curve at the after perpendicular up to say ten per cent. of the 
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maximum ordinate amidships, any correction might be neglected and, where this allowance is exceeded, 
the after perpendicular would be adjusted to a position where the ordinate to the curve is ten per cent. of 
the maximum ordinate. 


Mr. Watt referred to the fact that commercial] utility results in the limitations of a desirable standard 
of subdivision, but it is hardly true to such an extent as he suggests, viz., that a ship would need to be 
800 feet in length before a two-compartment standard was applied. A vessel of this size would undoubtedly 
be associated with curve ©, i.e., having practically a three-compartment standard and in all probability, a 
four-compartment standard at the ends. Curve A is only directly applicable to vessels up to about 500 
feet in length while curve C operates only in the case of large ships of the highest class. 

Mr. Watt prefers that the Bulkhead Committee’s curves should have been based upon an average 
ship instead of a limiting type. The Committee’s endeavour was to produce a code from which the 
flooding curve of any ship could be obtained and, at the same time, give a result which was equivalent to 
that obtained by the use of first principles. Under these circumstances it was better to use a limiting 
type thus leaving form correction a positive factor in most cases. The evolution of a more simple method 
in the time available was impossible, but it is interesting to note that most of the short methods which 
have been proposed since the Committee’s report was issued have been based on the Bulkhead Committee’s 
code, a result which gives good reason to hope for greater simplicity in the future. 

As regards the adoption of the British regulations by the Belgian Government in 1921, it was in 
this year that American, Belgian and French representatives met in conference with the British Board of 
Trade in connection with the work of the Informal Committee, and it appeared at that time that the 
Belgian Marine Department was marking time so far as the general application of the regulations was 
concerned until the British attitude towards amendments became more definite. The British regulations 
had then been in force since 1915. 


Dr. Webster’s contribution to the discussion brings out some interesting points and the example he 
gives of the permissible height of bulkheads in ships having freeboards assigned in accordance with 
Table C, with varying ’tween deck heights, indicates the difficulties of reconciling the cargo ship to sub- 
division regulations. This point has recently been the subject of some discussion. Such ships carrying 
passengers would of course be subjected to draught penalty. 


The zero sheer curve in diagram Y. should be of cusp form with its apex at the centre of flotation. 
Attention is drawn to the following type errors which occur in the paper :— 


Page 10. Line 14 “D” should be “d.” 
Page 11. Line 18 “*d” should be * D.” 
Page 30. Line 32, for “stern” read “stem.” 
In conclusion, the author would like to record his appreciation of the manner in which the paper has 


been received and to thank all those who have taken part in the discussion for their expressed interest 
and valuable opinions. 


STEEL TESTING ON THE OCCASIONAL 
ATTENDANCE SYSTEM. 


By H. KOLBOW. 


Reap 18TH Marcu, 1925. 


Some excellent papers have already been read at the meetings of our Staff Association, and it may 
seem redundant to offer still some further notes in connection with the duties of Surveyors engaged in 
steel testing. But I think, however, there exists a very important difference between the practice in the 
United Kingdom and on the Continent, as on the Continent nearly all testing of materials is carried out 
under occasional attendance, whereas the constant attendance of the Surveyors at the works where the 
materials are produced seems to be the ordinary case in the United Kingdom, especially as regards rolled 
material. 

It is, therefore, my intention to offer some very modest remarks regarding the practice on the 
Continent, especially in the Dusseldorf and Vienna districts, where a considerable number of the Surveyors 
now acting as steel testers on the Continent received their instruction. 

I shall always remember with gratitude the late Mr. Johannes Meijer, for many years Principal 
Surveyor at Dusseldorf; he was our instructor when we took up our duties, and in all cases when we 
submitted to him a difficult question respecting steel testing, he supported us by his practical and very 
welcome advice. 

Many excellent paragraphs are contained in the Rules as regards the testing of materials intended for 
the construction of the hull, machinery, boilers, ete. Nevertheless it seems to be necessary to candidly 
confess that there is a great difference between the printed lines and the work in the rolling mills or the 
steel foundries. In many cases it will be difficult even for an experienced Surveyor to find the best way 
or method in some special or unexpected cases. 

It is my modest hope that the following explanations may contribute something to the question of 
testing materials under occasional attendance, but you, gentlemen, must be good enough to bear with me 
if I do not use the very correct expressions you would employ under the same circumstances. 

One must not forget that the testing of materials under occasional attendance is first of all a question 
of acertain trust. We do not inspect the material while produced. It is, therefore, very necessary for a 
Surveyor to take every available opportunity to ascertain, as closely as possible, the conditions under 
which the material exhibited to him is made. This is the principal point I have to make. A steel 
testing surveyor must not only be a good steel tester, but also, perhaps, an experienced steel maker, with 
an ample practice. It is certainly very easy to reject material which does not fulfil the requirements 
of our Rules, but it is difficult to confer with the makers how to avoid such failures. A steel tester must 
be in a position to state whether in a special case a mistake, or a false method of manufacture, or 
negligence of the makers, has caused the failure. 

In a certain sense the tests we have to carry out are nothing else than check tests. The makers are 
required to furnish us with a certificate guaranteeing that the material presented has been made by the 
Open Hearth process, and that it has been subjected to, and has withstood satisfactorily, the tests 
prescribed in the Rules. As far as I know there does not exist any reliable method of finding out 
whether the material is Siemens-Martin Open Hearth or Bessemer and/or Thomas Converter steel. An 
old steel tester | met several times many years ago, in Belgium, told me that he had found a trustworthy 
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method of distinguishing between Open Hearth and Conyerter steel. Pieces of round or square section 
should be submitted to cementation and should then be broken. The depth of cementation will be the 
same after the same time with both materials, but in the Converter steel the line separating the cemented 
material from the core will be corrugated, instead of straight, as in the case of Open Hearth steel. I 
have carried out many tests with a view to ascertain whether this way is reliable, but I must say that it is 
not. The limiting line was in all cases corrugated when Converter steel was tested, but also about 35 per 
cent. of the Open Hearth steels show the line corrugated. In such works, therefore, where Open Hearth 
and Converter steel are made, the Surveyor cannot find a way of control other than to note from time to 
time whether the ingots of Converter steel are placed separately from those of Open Hearth steel. 
Further, we must insist that the running numbers of the converter charges should be very different from 
those of Open Hearth charges. 


STAMPS ON TEST PIECES. 
RoLLED MATERIAL, 


I cannot but admit there are many ways of deceiving a Surveyor. We must, therefore, endeavour 
to devise methods of making such deceptions impossible. If we would mark a test piece of sections, 
say thus :— 


the makers are in a position to cut away the running number and to replace it by another running 
number, thus :— 


AX 
77 
Hence, the method of stamping adopted here is the following; the running number is first of all 


stamped on the sample, and then the private stamp of the Surveyor is stamped as near as possible to the 
figures, thus :— 


| EL 


~ 
cy 
HK 
Now it is impossible for this to be altered. 


Special attention must be given to the marking of test pieces of boiler plates, weighing more than 
2,500 kgs., when double sets of test pieces are to be selected, lengthwise and crosswise, from the two 
opposite ends of the plate. Formerly it was the practice to mark the sets of test pieces thus :— 


For Lengthwise. For Crosswise. 
HK H K HK H K H K 
HK HK HK HK H K 

H K 
ver 
HK 
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The makers may possibly take the two tensile test pieces from the best end of the plate in the 
following manner : 


BEST END OF PLATE 


The two tensile test pieces, TL and TC (dotted lines) ) may be cut from the good end of the plate 
(ingot) and the missing bend test BL replaced by the bend test piece B L cut from the opposite side of 
the plate. 


To make such manipulation impossible we stamped the lengthwise test pieces with two stamps, but 
the crosswise test pieces with three stamps, thus :— 


HK 
bo 


HK 
HK 


In all cases the markings should be stamped on clean surfaces of the rolled material. 

These precautions are not so necessary if the material is tested under constant attendance, as the 
Surveyor can follow the test pieces through the different stages of preparation until the tests are 
completed. 


TEST PIECES FOR FORGINGS OR CASTINGS. 


The marking of samples for forgings and castings is a little different from that for rolled material. 
We adopted the method of stamping the tensile test piece with the running number and two stamps, the 
cold bend test piece with three stamps and the remaining sample piece with one stamp for identification. 
All marks are stamped on surfaces which are well cleaned with a chisel. The markings are then prevented 
from rusting by oil or fat. All forgings and castings are stamped for identification with the private stamp 
and running number and these markings must be retained until the final inspection is carried out. 


PRIVATE STAMPS. 


The Surveyors should have a number of private stamps, say six to eight, showing the initials of his 
name and having small differences in the form or size of the initials. One must alternate the stamps as 
frequently as practicable and impress the stamp used in the journal or the private note book as well as on 
the test sheets filled up by us in the works. 


SELECTION OF TEST PIECES—ROLLED MATERIAL. 


The number of test pieces to be selected by the Surveyor is laid down in the Rules and must be 
strictly adhered to. The small table shows how the test pieces were selected from one charge of ship plates 
weighing 49 tons. When the works are fitted out with three roll mills (non-reversing trio) for small 
dimensions, commonly up to 11 millimetres, and two roll mills (reversing duo) for dimensions over 


| INGOTs. | PLATES. | THICKNESS. TEsT PIECES. 
| 
m.m | No. 
3 8 7 trio 
9 11 7.5 ” 
30 58 8 land2 ,, 

6 i] 8°5 
5 | 10 9 
I 1 10 | 
5 a | 10°5 | 5 a9 
8 12 115 4 duo 
1 1 | 12°5 a 


11 millimetres, the Surveyor should select a greater number of test pieces from those plates which represent 
the smallest dimension rolled under the duo mil] as the heat of these plates is usually considerably reduced 
when the plates receive the finishing rolling. The differences in tensile strength as well as in elongation 
will then be found to be very remarkable. — 
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From plates or sections having a thickness under four millimetres no tensile tests are made but 
double-bend tests only, cold and tempered, in the form of a pocket-handkerchief. In all cases, when 
plates having a thickness of two millimetres or less are presented, we require those plates to be annealed, 
and the Society’s brand, the makers’ name, etc., should not be stamped on these thin plates with steel 
stamps, but painted on the plate with white colour. The stamping would effect too deep deformations. 


MATERIAL FOR WELDED MASTS. 


From plates intended for the manufacture of welded masts or deck pillars only cross tests are carried 
out, and at least one set of tests is made from every ten plates rolled from the same charge, but one cold 
bend test from each single plate, and when the number of plates, as rolled from one charge, exceeds ten 
plates, an additional set of tests is made for each further ten plates or portion thereof. Further, from 
each charge one welded sample is tested as regards tensile strength, which should be about 85 per cent. 
that of the original unwelded test piece. All these plates are inspected and marked for identification on 
both surfaces, as for boiler plates. 


SEAMLESS DERRICKS, ETC. 


For seamless derricks and deck pillars at least two sets of test pieces are selected for the first ten 
rolled lengths (ingots) made from the same charge, even if one length as rolled contains more than one or 
two deck pillars. Additional sets are marked for each further ten lengths or portion thereof. All samples 
are cut from the tubes crosswise and straigthened cold when material up to 32 tons is used, and warm 
when the tensile strength exceeds 32 tons. 


Now we come to the breaking of the selected test pieces, and but a few words can be said over the 
control or the guaging of the testing machines. 


TESTING MACHINES. 


I assume that there is a very remarkable difference between the testing machines established in the 
United Kingdom and those on the Continent. In the United Kingdom the machines have very heavy 
lever-weights, and the ratio of the lengths of the levers is small, whereas on the Continent small lever- 
weights and high ratios are commonly used. 


All testing machines at the works under our supervision are calibrated every six months by dead 
load weight. It is evident that a testing machine for fifty tons maximum charge cannot be calibrated 
with fifty tons direct load. In many cases, therefore, a lever with a ratio of 1:10 or 1:25 is fitted in the 
machine, and the testing machine is then charged step by step to about fifteen or twenty tons. It is then 
unloaded step by step. Any difference thus found should not exceed 1 or 1} per cent. 


Another way of calibrating has some advantages, and I take the liberty to describe this method a 
little more in detail as a quick calibrating method which is very suitable in many cases, especially when 
inaccuracies are suspected. In a particular case, from a Siemens-Martin steel ingot, with a tensile 
strength of about 40 to 43 kgs. per square millimetre, one long flat was rolled to a dimension of 50 x 10 
millimetres. Out of the middle length of that flat, sixteen test pieces, each 430 millimetres long, were 
marked and cut, one succeeding the other. All these test pieces were then packed together in a nearly 
airtight closed iron box, and annealed in a very good gas-heated furnace with a reducing flame. After 
slow and very careful annealing they were cooled down slowly in the still closed box. ‘The test pieces 
were then machined with great care, at the same time and in the same machine, to a width of 
41 millimetres. The dimensions were taken by the same person, with the same micrometer, at the same 
temperature. The test pieces, with the numbers 1, 3, 5, &c., were broken’ on a 50 ton Amsler-Laffon 
machine, The testing machine was previously calibrated with great accuracy and showed little deviation, 
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at from 10,000 to 20,000 kgs. dead load weight, The results obtained are included in the following list. 
The remaining test pieces, with the numbers 2, 4, 6, &c., are intended as standard test pieces for quick 
calibrating and seem to be suitable for the purpose. 


A B oO D E F G 
1 410 16°55 40°37 30°5 
2 -* +0°48 118 
3 G 16°75 40°85 29°5 
4 * +0°08 0°19 
5 x 16°78 40°93 28°5 
6 ve +017 0°42 
7 rf 16°85 41°10 31:0 
8 * +0°07 0°17 
9 3 16°88 41°17 28°5 
10 - 0:00 0°00 
11 “ 16°88 41°17 30°0 
12 406 +021 0°58 
13 = 16°80 41°38 30°0 
14 408 —0°33 0°30 
15 Y 16°73 41°05 32°5 
16 ” 


A=Running number of the test pieces. 

B=Area in square millimetres. 

C=Total strain in tons, 

D=Tensile tenacity in kg./mm’*. 

E= Elongation in 200 millimetres. 

F=Difference in tensile strength as compared with the following test piece. 
G= Difference in tensile strength in 9%. 


You may understand that the foregoing described method is not intended to replace exact calibration 
by dead load weights, but I must say that it is very convenient for a Surveyor to have a rapid method of 
calibrating a testing machine under his supervision with sufficient accuracy. Testing machines are 
otherwise dealt with very adequately by Messrs. Heck and Robertson in their paper on ‘Steel Testing,” 
read before our Staff Association, on the 8rd November, 1923. I fully agree that the breaking of test 
pieces of rolled material at too rapid a rate is useless, even on testing machines which are actuated entirely 
by hydraulic pressure. The number of test pieces broken should never exceed sixty per hour for rolled 
material, or from thirty to forty per hour when forged or cast material is tested. 


The fracture of all broken test pieces should be inspected by the Surveyor, and we must be in a 
position to state whether the broken surface indicates a sufficient and suitable heat treatment. Some- 
times very small holes are then found in rolled material. Certainly such material is not fully homogeneous, 
but, nevertheless, it withstands a considerably greater amount of bending to and fro, and it has been 
found that such material has also a very high capacity of resistance against corrosion. This is a matter 
of fact confirmed by some hundreds of tests, but | am not able to give you an exhaustive explanation 
of this. 
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In some cases it has been found that samples of forged rudder arms, piston rods, or other small 
forgings show an oblong section when broken, and this seems to happen when the material has received 
the last blows of the hammer at too low a temperature. But when the oblong form is found in samples 
taken from forgings of great diameter, one can assume that the material was originally a little too soft, and 
that the samples were subjected to cold forging with a view to increasing the tensile strength after the 
samples were cut out of the test pieces left on the forgings. 

I now take the liberty to give some tables containing the results of tests obtained recently at a well- 
known steel works, where many thousand tons have been passed during the year, and you will see that the 
process of manufacture has been very reliable. I am glad to state that it was not necessary to reject any 
rolled material for the hull, and that only a very few boiler plates were not passed, the rejections in this 
instance being due to surface defects. 


BOILER PLATES. 
PARTICULARS. THICKNESS. WEIGHT. BREAKING STRESS. ELONGATION, 
Millimetres. Kilograms. | Kg./mm?. | Per Cent. 

( 4; J 46°9 23 
BO pipe on: AA | 23 
( | *Q | 9 2 
Shel oe eee ee 35°8 Aiden | = 
(| 2 447 25 
8660 VY} ec 444 | 24 
l 46°2 30 
; ea on = c 463 | 26 
Combustion Chamber Plate 20°0 (| 7 46°5 27 
ll ¢ 462 | 27 

SECTIONS. 
(| 1 44s 30 
Bulb Angles (200 x 85 mm.) 10°5 — l 44°5 30 
| 1 45°4 30 
j l 44°7 28 
Angles (90 x 90 mm.) 13 —_ he ot! 
| | 1 448 | 27 
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SHIP PLATES. 
PARTICULARS. THICKNESS. BREAKING STRESS. ELONGATION. 
(Millimetres. Kg./mm?. Per Cent. 
| 10* c 45°8 26 
; 12 l 49°5 24 
Ordinary 16°5 ¢ 45°0 24 
20°5 l 44°6 26 
8* c 46°5 24 
9* l 44°8 29 
12°5 € 48°2 23 
” ae fe 16°5 l 46°5 23 
| 19 € 45°2 | 24 
22 l 44°4 25 
| 
| 10* l 44-0 26 
Oold flanging... ... ... 1 12" , 41°8 | 28 
| 
f | 10°5* l 42°5 28 
" i i ny oad 2 1S* c 41°6 29 
| 


* Rolled on trio-mill. 


FORGINGS. 
: : | INTERMEDIATE SHAFTS. 
RUDDER AEMA. | (10} inches diameter.) 
| 
Kg./mm?. Elongation per cent. Kg./mm?. | Elongation per cent. 
47°7 29 46°2 34. 
47°8 33 | 45°2 32 
47°0 31 46°0 30 
48°1 33 45°4 31 
48°4 33 45°8 32 


The results obtained from ship plates were from material rolled from the same charge, and from 
ingots of nearly the same size and weight. I would draw your attention to the fact that the plates of 
about 12 millimetres thickness, rolled on the duo-mill, do not show such good results as those of about 
10 millimetres rolled on trio-mills. Further, it is interesting to see that with increasing thickness 
the tenacity is slightly decreasing, The amount of cross-rolling was nearly the same in all cases, 
about 40 per cent, / 
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As regards castings, the following table contains the results of tests on some castings of very different 
sizes and weights. I would add that all bend test pieces of these castings, without exception, were bent 
through 180 degrees without showing signs of fracture. 


CASTINGS. 
7 ty = "i PERCENTAGE OF 
WEIGHT. Ko/Ma?. ELONGATION (in 3 in.) 
= a - E ene —— ase ath od 
| | ( 45°5 32 
ay ay acket 5 p | } ture oz 
1 Propeller Bracket... re 5110 ke. | ) 45°7 36 
: | { 43°9 37 
4, ” ~ ral Sabet | | 44:2 37 
: ( 43°0 36 
L .e ae oa eee 8085 ” | ) 42°6 36 
Z { 42°7 36 
c | 4 
| 1 =e an roe ve 7900 ,, ) 43+) | 26 
5 : ae. e \ 44°6 35 
4 T. y "e 4 3S e + . eee t 2 4 -) Qn 
1 Stern Frame 85 x 53 in | 5120 ,, ) 44-2 | 35 
ents Nite, 0° | | 43:3 36 
| 1 Stem Sole Piece <a “| 1095 ,, | 43° 37 


These results must be called very good, but I must not omit to say that the annealing of these 
castings was executed in a most careful manner, and in the best annealing furnaces I have ever seen. 

Mr. Patchin has offered to our Staff such excellent information as regards the heat treatment of 
stee! in his lecture to our Staff Association on the 22nd November, 1923, that I shall not venture to add 
to his remarks. It only remains for me to recommend a study of that lecture to all our members. 


INSPECTION OF FORGINGS. 


All forgings are exhibited for testing and inspection in unmachined condition. Only in very urgent 
cases, as for repairs, is it permitted to present forgings in rough turned condition. It is then required that 
the flanges and one ring about 10 inches wide in the middle of the body be left unmachined so that it 
may be ascertained that the forging has been well annealed. When forgings are annealed in a furnace 
with reducing flame, the surface will mostly have a red colour instead of a greyish colour and a thick layer 
of iron oxide, when annealed with oxidising flame. 

When forgings are exhibited for inspection in rough turned condition, it is very easy to see cracks or 
other surface defects. Cracks must be chiselled out until the material is sound. If the crack is too deep 
and the body cannot be turned to the prescribed diameter, the forging must be rejected. A repair by any 
welding process is never permitted. When, at the ends of the body outside the flanges after the test piece 
is broken off, small cast holes are found, a hole should be bored to such a depth and width that the material 
is quite sound and free from cast holes. The dimensions of the hole thus bored in the Surveyor’s presence 
are noted and entered into the forging report. 

When forgings for shafting or connecting rods are ordered to be hollow bored the cores should be 
exhibited to the Surveyor for examination, and must then be destroyed in his presence, and he should make 
a short remark in the test sheets or in his journal that the cores were inspected. 

Sometimes we find on the rough turned forgings the so called “blend-cracks.’”” When a small and 
thin cutting is chiselled off from the body and the chipping can easily be broken through, further 
chiselling out is necessary. Small “blend-cracks” are not dangerous defects, but nevertheless, crank pins 
or shaftings, especially thrust shafts, with “blend-cracks” at the surfaces, where the shafts are laying in 
bearings or in the collars, should not be accepted. 
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When rough turned forgings are dispatched with surface defects chiselled out in my presence, I mark 
on the chiselled surface my private stamp so that my colleague who has to carry out the final inspection 
may see that the repair has been made with my consent. 


INSPECTION OF CASTINGS. 


The inspection begins with the drop test of the annealed and cleaned casting, and then the hammering 
test is made. I must candidly say that the judgment of a good ring of a hammered casting requires a 
wide experience. The ring varies very considerably with the different methods of slinging the casting, or 
whether it is slung up by hemp ropes or steel wire ropes or chain cables. If possible, the casting should 
be held by two pairs of steel hooks in the middle of the casting. A long cast joining piece for a rudder, 
at first slang up with two hemp ropes, gave so bad a sound that I had the impression of a casting full of 
cast holes and warm cracks. It was then lifted again by one pair of hooks and gave now a peal like a 
bell of best quality. 

To determine by sound whether a casting contains blow holes is very difficult. It is impossible to 
describe it ; one must have heard it. A Surveyor should therefore not hesitate to ask for facilities of 
judging the sound when a casting containing larger cast holes is hammered. To detect small cast holes 
by hammering test seems to me to be impossible. Perhaps in the future, some reliable and easily applied 
method may be evolved, whereby it will be possible to detect the presence of small cast holes. In the 
meantime one must be guided entirely by experience. 

When on the surface of a casting very small cracks or small blow holes exist, they should be chiselled 
or bored out, and the repair of such small defects can be carried out by welding, but in every case the 
Surveyor should mark his private stamp on the repaired spots to certify that the welding was made in his 
presence, and with his express consent. In cases of serious defects the sanction for repair must be procured 
from the Committee. 

The Rules provide that, for castings of complex design, which would be liable to be deformed by the 
drop test, it may be dispensed with. Quite recently some castings for new vessels have passed my super- 
vision for which the drop test was dispensed with. They were stern frame sole pieces of relatively small 
section, with very complex head pieces intended to bear the propeller brackets. Castings without any 
exception, exhibited to me, over many years, have been subjected to the drop test and have satisfactorily 
withstood the test. I would add that for very long stern frames the percussive test through an angle of 
45° seems to be more serious than when dropped from a height of 7 to 8 feet. 

Steel testing Surveyors should never forget to study repeatedly, and with greatest care, the most 
excellent paper, “Remarks on Castings,” read by Dr. Milton, before our Staff Association, on the 3rd 
October, 1923. Certainly we all have found in that paper most important remarks and most valuable 
advice. 

BOILER TUBES. 


When I have to inspect a batch of about 2,000 to 3,000 boiler tubes, I have the impression of being 
the “ Cinderella’ mentioned by Messrs. Heck and Robertson. Such work is really very fatiguing for the 
eyes as well as for the body, and requires a great amount of patience and assiduity, Only Surveyors with 
excellent eyes can readily detect the very thin cracks so often met with, much thinner than a flaxen hair. 
Even the best eye will, after some hours of such work, have difficulty in seeing such defects. 

All passed boiler tubes are stamped with a very small stamp, LLOyD’s, eight inches apart from one end. 
Among the many hundred thousands of boiler tubes I have inspected, no tube was found defective or 
leaky whilst subjected to the hydraulic test. 


CONDENSER TUBES. 


Still more trying than the inspection of steel boiler tubes is the inspection of the glossy condenser 
tubes. Nevertheless, cracks in these tubes are easily seen, as they are mostly like black stripes on the 
glittering tube. Among the tests prescribed I will only mention the heating test. The ‘red heat” must, 
under all circumstances, be judged in a really dark room, otherwise the test piece will fly, or, if it does not 
fly, it will certainly not withstand the flattening when cooled down. Judgment of the exact red heat 
can only be learned by experience and cannot be described. Some cases of flying have been observed but 
no case of splitting. 
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REJECTION OF MATERIALS. 


In every case, when material is rejected, this material should be kept in the workshop as a whole 
until the replace material is exhibited to and passed by the Surveyor. It should be presented to him side 
by side with the replace material. ‘The Surveyor must sce that no plates, bars, or tubes in the rejected 
lot are missing, as they could be put under the new material. 


You may kindly excuse me if I undertake to add some private remarks. If we find a boiler plate, 
ora number of ship plates, a forging or casting having a tensile strain a little lower or hicher than 
prescribed by the Rules, and the test piece has a more than sufficient elongation, and the cold bend tests 
are excellent, such material need not be rejected. It is not thesign of an experienced steel tester when he is 
always harping on tenth parts of a ton per square inch or half per cent. of elongation. A good cold 
bend test will give him the proof that the material was a good one. In such cases the material may be 
accepted in good conscience, as the failure can be caused by some nearly imperceptible influences. 


AT THE WORKS. 


And now I want to lay the “homo mechanicus” on the shelf and let “homo sapiens” speak. 
You might say that the following explanations have nothing at all to do with your experiences in 
steel testing in the United Kingdom, but it is my idea that on the Continent they are closely connected 
with our duties. 

Distrust at the outset, or as a matter of course, is not the best way to be on good terms with the 
makers. On the other hand a too great trust can become dangerous. ‘To find the golden middle-way 
will be a matter of sentiment. 

Although we never must forget that we are Officers of Lloyd’s Register there is no need to plume 
ourselves unduly on that account. 

When we have regularly visited a particular establishment for some years we may perhaps become 
good friends with the staff, but in cases when discrepancies arise, duty must remain duty, and our work 
must merely be guided by the performance of the Rules and Regulations. 

Modesty, taciturnity, certainty in our judgment, clear and distinct decisions, will make our way clear 
and will prove that we are worthy to be Surveyors to Lloyd’s Register of Shipping. 

I cannot conclude my remarks without seriously recommending that Surveyors appointed to steel 
testing duties should receive a not too short and very careful instruction by an older colleague. I will still 
extend my proposal, that the Committee might arrange that young Surveyors should have opportunities 
to study the various processes of melting, rolling, forging, casting, and annealing steel, at a good steel 
works, or, if that is impossible or inconvenient, to issue a booklet containing guidance and instructions 
for steel testing Surveyors. collected by the Surveyors spread over the several countries, where representa- 
tives of our Society are residing. That would guarantee that the booklet would be an extract of 
experiences compiled throughout the world. 

The paper may be thought a very short one, but I have borne in mind that a long epistle offers more 
points of attack than a short memorandum. 


DISCUSSION ON MR. H. KOLBOW’S PAPER 


“STEEL TESTING ON THE OCCASIONAL 
ATTENDANCE SYSTEM.” 


Mr. H. Ruck-Krene. 


Mr. Kolbow has given us an excellent and valuable paper on Steel Testing on the Occasional 
Attendance system. 

This paper is a very good supplement to that given by Mr. W. D. Heck, B.Sc., and Mr. J. F. 
Robertson, on Steel Testing, which dealt mainly with Steel Testing on the Constant Attendance system. 

[ feel sure that this paper will be of great assistance to our colleagues abroad, where steel testing is 
carried out on the occasional attendance system. 

Mr. Kolbow has had a wide experience of steel testing, both at Diisseldorf and Vienna, during the 
17 years he has been in the Society's service. 

[ am very pleased to read his appreciation of his training under the late Mr. Johannes Meijer, who 
was for many years the senior surveyor at Diisseldorf. I can endorse every word he says about Mr. 
Meijer, as I spent some weeks with him some 25 years ago, steel testing in the Diisseldorf district, when he 
was the only surveyor in Diisseldorf. 

I gained from him much valuable information on this subject. 

During my visits to the many steel works in that district I found that his great experience in the 
manufacture of steel, and steel testing, and also the conscientious and tactful manner in which he carried 
out his duties, were such that he was persona grata to all steel manufacturers in his wide district, and 
his decision on any point regarding the testing of steel was always accepted without any question. 

Surveyors of other classification societies often consulted him, and took his opinion as final, in 
matters connected with steel testing. 

The author has evidently followed Mr. Meijer’s practice regarding the use of somewhat similar 
private stamps for marking test pieces, to ensure that they bear those which he has stamped in the plates, 
sections or forgings. 

His method of marking test pieces appears to me to be quit2 sound. 

[ agree with him that thin plates rolled in two or three roll mills may give different results in the 
case of plates rolled from the same charge, and the surveyor would be quite justified in taking more tests 
per charge in such cases. 

The results of tests of boiler and ship plates and sections, of forgings and castings, given on pages 
7 and 8, are very interesting, and show that the process of manufacture at the works in question is very 
reliable and consistent. 

Tn conclusion, I wish to thank the author for his excellent and instructive paper, which will be a 
valuable contribution to the Staff Association. 


\|! 
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Mr. J. S. GARDINER. 


I have read Mr. Kolbow’s paper with the greatest of interest. In connection with my few remarks 
I would refer principally to pages 2 and 4, relating to test pieces and private stamping. 

The finest system of stamping, tracing plates, marking plates, and obta’ning check tests, which | 
have seen is that adopted at the Illinois Steel Company’s Works at Milwaukee, South Chicago, and at 
Gary, Indiana, the Gary Works being probably the largest and most up-to-date steelworks in the world. 

The system adopted at all these works (the attendance at which in my time practically amounted to 
occasional attendance) was as follows : 

All plates were stamped, after rolling, with the maker's brand, #.e., ship or boiler plates, the ship 
number, order number, a serial number (say, for example, 34157), which, in explanation, meant that this 
plate was heat 157 and from furnace 34, and, in addition, the plate number from that particular charge 
or heat. The builders’ order number was painted on the plate and the LR stamp added after the 
material had been approved. See figure. 

Ring stamped test pieces were marked on every plate rolled. 


SHEARED EDGR of PLATE. 
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It will be seen from the above that any plate could very easily be traced to its particular charge. 

Their system of ring stamping is what I particularly want to bring out, and in my opinion it is 
equivalent to having a privately stamped check test on every plate rolled. 

The sizes of the plates are marked off in the usual way for shearing: along the edges of the plate 
and outside the shearing edges are marked the usual test pieces, the serial, order, and plate number being 
stamped on each test piece. After the test pieces have been marked and stamped, four or six 2 inch or 
14 inch ring stumps are then used, stamping and covering the test pieces and the actual plate, taking the 
shearing edge of the plate as tlie approximate centre line for the ring stamps. As this stamping is done 
very quickly, it will be seen that the ring stamps on each side of the edge line will be very irregular, 
ie., the rings will be more on or more off the plate, as the case may be, after the test piece has been 
tegares off. This stamping is done at each end of the test piece and away from the part which requires 
milling up. 

These test pieces, all differently stamped, could at any time be taken from the racks and matched 
with the remaining rings on the plate and found in order, the makers not knowing which plates may 
require to be matched. A surveyor's stamp might be copied and made very quickly, but to prepare a 
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spurious test piece with this system of ring stamping is, in my opinion, practically an impossibility, my 
reasons being :— 

1. That all the test pieces, even on one plate, are stamped irregularly and differently, taking 
the shearing edge of the plate as an axis. 

2. That all the stamping is done when the plate is hot, and any prepared test piece would 
show the bright new stamping outside the sheared edge of the plate when matching. 

8. That any reheating or annealing could instantly be detected. 

4, That to attempt any irregularities would be an enormous undertaking. 

5. That when shearing the test piece from the plate, the weight and pressure of the upper jaw 
partly obliterates the edge of the test piece for, say, 3" to 4" throughout its entire length, and 
thereby destroys part of the ring stamping for that width. (This in itself would be difficult to 
duplicate). 

I saa often took a batch of bend tests and matched them with the plates. In addition to the above 
excellent arrangements, the makers would never roll an order of Lloyd’s plates from any charge without 
first ascertaining that the chemical analysis was satisfactory, and then rolling the thinnest, thickest, and 
an intermeiliate thickness of plate for their own private test, before rolling the full charge into plates, the 
thicknesses rolled being, say, }’, #’ and 5". I had access to all these private tests, and of course compared 
them with those T afterwards tested. In the event of the particular heats or charges not being satisfactory 
in the makers’ preliminary tests, the material would be rolled down into what is termed in the States 
“tank” steel, or used for constructional orders. 

The makers’ rolling practice between the thinnest and thickest plate from any charge very rarely 
varied more than half an inch in thickness, depending principally on the carbon and labour. For instance, 
one would never fiud them rolling }'’ and 1” plates from the same charge. Consequently, there were 
very few rejections. 

In the case of boiler shells, every plate, after being surface examined on each side, was lifted 
horizontally to the eye level by an electric magnet so that one could go round the plate and inspect the 
edges for lamination, ete. 

I might add that at the Gary Works, Indiana, there has been as much as 850 tons of steel presented 
in one day without a single bend being missing, and those who have been steel testing realise the meaning 
of this, and any one of those bends was liable to be matched with the plate at the surveyor’s request. 

In conclusion, lam of the opinion that, if the ring stamping of test pieces were more generally adopted, 
it would practically eliminate any doubts a surveyor might have on occasional attendance when handling a 
large amount of tonnage. 


Mr. E. W. Brocksiper. 


Mr. Kolbow has served a very useful purpose by introducing this subject before the members of our 
Staff Association, and he is to be congratulated on giving us the results of his experience, which should 
prove of great assistance to those surveyors who are making their first adventure into the mysteries of 
the test-house and the rolling-mills. 

It was not my intention this evening to take part in the discussion, but the remarks of other 
members of the staff have awakened memories of the difficulties encountered when in the Admiralty 
service and employed on material inspection in the Midland District, where the whole of the work was 
undertaken on the system referred to by the author of this paper. 

The methods of stamping the test pieces advocated by Mr. Kolbow have many advantages, but I 
think the system of the ring stamp adopted by some American firms, and referred to by Mr. Gardiner, is 
to be preferred. I have seen this method used in many mills by inspectors for the railways and the 
Admiralty. Whatever system is adopted it largely depends on the careful supervision of the surveyor as 
to its ultimate success. 

Where different grades of material are used in one mill for varying qualities of fittings, such as nuts, 
bolts, and screws, there is always a difficulty to prevent one quality of material being used when another 
should have been adopted for the purpose. In the best of regulated mills, where no thought of avoiding 
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the terms of the specification is ever considered, I have discovered Swedish iron being used for steel bolts. 
Here we find one of the drawbacks of the occasional attendance system, and the incident referred to only 
goes to prove that the surveyor is often a victim of circumstances. 

In some districts as many as fifty firms come under the supervision of an inspector or surveyor, and 
if one can realise the significance of this circumstance then the difficulties of becoming acquainted with 
the various testing machines and the systems in the different firms are easily understood. ‘ 

One is tempted to speak of the inspection of forgings and castings, which I think create a keener 
interest in the minds of surveyors than material testing, because the possibilities for defects are greater 
and sometimes more difficult to ascertain. But Mr. Kolbow has been brief and very clear in his 
explanation of the salient features to be observed when engaged with the various methods of testing, 
and any further remarks would, therefore, be superfluous. I must thank him for his valuable addition 
to the transactions of the Association. 


THE PRESIDENT. 


As one who has had experience of steel testing on the constant, as well as on the occasional 
attendance system, my sympathies are with my colleagues who have to undertake the latter duties. 

I therefore welcome this paper by Mr. Kolbow, and feel certain that it will be of great assistance to 
surveyors engaged on these duties, and also that it will prove a valuable addition to that with which 
Messrs. Heck and Robertson favoured the Staff Association on a former occasion. 

As Mr. Kolbow states, it must not be forgotten that the testing of materials on the occasional 
attendance system is first of all a question of a certain trust. This duty is somewhat difficult, especially 
if, as is sometimes the case, a considerable distance has to be travelled in order to reach the works. and 
also when there are long intervals between the visits. It frequently happens that after the duties of 
testing and inspection have been carried out, there is not sufficient time to enable the surveyor to make 
more than a casual examination of the system of production. Fortunately, at the majority, if not at all, 
of the works on the Society’s List of Approved Steel Manufacturers, there are very excellent records 
kept of the steel produced, and a reference to the records will generally confirm the results of the tests 
which have been carried out in the surveyor’s presence. 

The ring stamping method which Mr. Gardiner has so fully described is all he claims for it. During 
several years’ experience with this method of stamping test pieces I never found it to fail, and often found 
it useful in the case of slightly defective type stamping or, by the process of elimination, in tracing test 
pieces which could not otherwise have been found. 

Under Inspection of Forgings Mr. Kolbow states that where surface defects are chiselled out in his 
presence he marks the part with his private stamp, so that whoever carries out the final inspection may 
see that the chiselling has been done with his consent. I was under the impression that this was the 
universal practice of our colleagues. In this connection it might be mentioned that, when ver it is 
necessary to drill a hole in the ends of shafting in order to remove piping, the hole should not be plugged 
but should be left open, so that anyone may assure himself that there is no hidden defect. 

I wish to add my thanks to Mr. Kolbow for his excellent paper, which I assure him has been of 
great interest to me. 


_ — _— 
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CORRESPONDENCE. 


Mr. J. F. ROBERTSON. 


The elaborate system of stamping samples for testing explained by the author appears quite 
unnecessary. The usual practice in this country is to mark the length sample with one stamp and the 
cross sample with two stamps close to the test number. Further, zs boiler plates are rolled from ingots 
direct, on the Continent, and presented to the surveyor marked off for shearing, there is no difficulty in 
determining promptly whether sufficient has been allowed for discarding at the top of the ingot, and, 
when such is the case, the different results obtained from the top and bottom of the plate are ne- ligible. 

While it is certainly advisable to remove temptation as far as possible, no system of stamping 
appears to be proof against an unscrupulous operator. All that is necessary to give the dishonest 
official what he desires, is an impré ssion of the stamp on the sample and an expert stamp cutter 
in his employment. Many ste ] makers have such an employée for cutting the letter and figure stamps 
used in the ordinary course of the work of identification required by the Society’s Rules, It is not 
suggested that manulacturers would give their approval to such practice. 

The question of selecting samples from material rolled in two or three high mills must be taken in 
the light of local conditions. The argument in connection with the duo mill applies equally to the 
trio mill. 

It is to be regretted that the author has passed over the matter of the examination of the bends. 
This, in my opinion, is just as important as the tensiles, While tiere may be only one or two of the 
latter made from a charge, there is @ bend sample taken from every piece as rolled. An inspection of the 
bends on the edges, particularly the cold bends, will reveal any laminations, and, where such appear, 
either in a bend or fractured tensile, unless the lamination is only partial in the sample, ant that it is 
proved that the side next to the plate is solid, the material from which the sample was taken should 
he carefully examined on the edges of the plates and the ends of the sections and bars. 

But on the Continent generally this could not be done, because only the charge mark is stamped on 
the finished material, and I therefore recommend the giving of every piece, as it comes from the rolls, 
a consecutive or serial number, except for very small sections, where it is obviously impracticable. This 
number should be stamped on all plates or bars, sheared or sawn from the same, together with the sam ples 
for tests, and these numbers correctly set forth on the mill sheets against the charges from which the 
material was rolled. 

‘Thanks are due to the author for his interesting paper. 


Mr. M. Kocn. 


I have read Mr. Kolbow’s paper “Steel Testing on the Occasional Attendance System” with great 
interest, and, if I may be allowed to do so, would like to offer a few remarks regarding the following points : 
There is no doubt, in my opinion, the printed instructions in the Rules state clearly how the duties of 
a surveyor, Who is on steel testing, have to be carried out, and they enable him to execute these duties 
thoroughly and efficiently. 

Tam of the opinion when a test piece is stamped with the surveyor’s initials and following test number, 
both close to one another, it is impossible to cut away the running number without damaging the initials ; 
but, to be sure, the running number may be stamped directly below the initials in the disection of the 
plate, and in addition to this the initials could be stamped at the sheared edge of the test piece. 
there is still a doubt that the results obtained represent the right quality of the material being 
tested, then the following additional tensile tests should be made: From any plate submitted, three tensile 


test pieces should be taken and machined ; after this is done, one test piece should be broken in the testing 
machine in normal condition, the second as tempered, and the third in annealed condition. The annealing 
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should be so done that after this piece is well heated it is put into ashes and well covered over, so that this 
process is slowly carried out. From the test results obtained one can judge whether the test result from 
the untreated test piece was truly representative of the material submitted for test, 

With regard to the bend tests, care should always be taken when cutting these samples from the plates 
that the knives of the shears have not been too long in use, otherwise (and this is especially important in 
the case of the cold bend tests) a sharp cut is not obtained, the material being more pressed off than cut, 
and the sample is then more liable to break, although the material if properly sheared would easily fulfil 
the requirements. What has just been stated in regard to bend tests applies also to the cutting of plates. 

| would like to say a few words respecting the removal of the pouring heads on steel castings, as it 
can happen that the casting in way of the pouring heads, when these have been taken off, show hollow and 
unsound material. The works might attempt to conceal the failure in one way or another, and by methods 
which would not be permitted if known to the surveyors. 

To prevent this the pouring heads should be removed by sawing, in which case, if there has been 
any a to correct faults in the material without the knowledge of the surveyor, it can easily be 
found out. 

The author states that the number of test pieces broken should never exceed sixty per hour for rolled 
material, or from thirty to forty per hour when forged or cast material is tested. 

The amount given here, I think, is in both cases extremely high, and of course it depends on the 
thickness and diameters of the samples selected and submitted for testing; but under al! circumstances 
the amount of tensile test pieces selected from castings should be considerably less than stated. 


REPLY BY THE AUTHOR. 


Mr. Ruck-Keene has been good enough to endorse every word I said about Mr. Johannes Meijer. 
1 feel glad of his kind assent, and I beg to express my best thanks for his confirmation as regards the 
coutents of the paper. 

I further have to thank Mr. Gardiner for his well-appreciated contribution to the discussion, which 
will surely be of great interest and value for us. I must not forget to say that all my explanations refer 
to conditions existing on the Continent and in Germany, Austria, Czecho-Slovakia, France, Belgium, and 
Hungary especially. In these countries nearly all plates, etc., are presented when cut to the ordered 
dimensions. Only in Belgium were plates exhibited as coming from the rolls. About 30 per cent. of 
all plates, etc., are left 2 feet longer, the overlength being destined for the selection of the test pieces by 
the surveyors. Only in very few cases, i.e., when boiler plates are to be tested, are strips about three inches 
wide left for testing purposes on the long sides also. All plates are stamped with the Society’s brand, 
the makers’ name or trade mark, the charge mark, and the name of the place where produced. All other 
dates, including a serial number, are only painted with white colour. 

I hope I understood Mr. Gardiner correctly, that in the works mentioned in the second paragraph of 
his remarks, test pieces of sufficient dimensions were marked on every plate, with the ring stamp, when 
the plates were still hot, and the plates, etc., were then cut to the ordered dimensions; also that ring 
stamped ends were retained on racks for the selection of the test pieces by the surveyor, the test pieces 
already being marked on every end piece. Under these conditions the ring stamping method must 
be called really excellent, as the surveyor has every opportunity to match the test pieces with the plates 
to which they are belonging. Still more, this method will be useful for tracing the private bend tests 
made by the makers to the respective plates, bars, &c. ’ 

The ring stamping is up to this date, as far as I am informed, not in use in the Continental works. 
I still beg to add that the plates, etc., when hot are onl y marked with the necessary dates with wet colour 
or rubber, They are stamped with steel stamps when cooled down, just before shearing. ; 

As regards the method mentioned by Mr. Gardiner, that the thinnest, the thickest, and an inter- 
mediate thickness of plate, are rolled and subjected to private test before the full charge is rolled into 
plates, ete. I should like to add this is also done in the works under my supervision. The difference 
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between the thinnest and the thickest plate rolled from any charge does not vary more than about three- 
eighths of an inch. The result is, that here also only a very small percentage of the material presented for 
testing is rejected. 

Mr. Blocksidge agrees with Mr. Gardiner regarding the ring stamping method. I am very glad to 
hear that Mr. Blocksidge, in addition, candidly says: ‘ Whatever system is adopted it largely depends on 
the careful supervision of the surveyor as to its success,” and this sentence represents entirely my own 
opinion. 

The intermingling of different materials intended for different purposes should certainly never 
happen ; but as the work is done by more or less thinking men, and not by automata, such mistakes cannot 
be avoided even in the best of regulited works. In one case a lot of round bars for ship rivets were rejected 
by me, as the tensile strength was much below the limit of 25 tons. When looking into the matter it was 
found that the same lot had been ordered and made in accordance with the Rules of the “Germanischer 
Lloyd,” which permit a tensile strength between the limits of 21-6 and 30 tons. These two orders had 
been mixed up. 

[ must thank Mr. Blocksidge for expressing his satisfaction at the brevity and clearness of my 
lines. 

Mr. Carnaghan, our President, has also been good enough to contribute some interesting remarks 
regarding the ring stamping method resulting from several years’ experience. I may candidly confess 
that his statement, “I never found it to fail,” changed my opinion, as [ was not in sympathy with the 
method at first. 

Regarding holes to be drilled in the ends of shafting when piping was observed, I may confirm that 
in such cases the holes are in no case plugged, but the dimensions of the holes are stated and entered in 
the forging reports as a special remark, and with a small sketch. 

Mr. Robertson criticises my omission to say something about the inspection of bend tests of rolled 
material, which are made by the makers from every plate or bar as rolled. It is true that I forgot to 
mention that important item, but I never omit to look at those test pieces very carefully. Iam glad to 
say that Mr. Robertson has had, in the meantime, an opportunity to make himself sure of that. 1 cannot, 
however, imagine that a workman would exhibit to the surveyor bend test pieces with cracks or laminations 
or signs of same. It is my opinion that the bend test pieces stamped by the surveyor best represent the 
quality of the material. 

Mr. Robertson was not satisfied that on the test pieces selected by me no serial number, but only 
the consecutive number of test, was marked. That seemed to me not to be necessary, as the man who 
stamps the test pieces always notes the serial number which belongs to the test number. It is thus 
always found very easy to trace the test piece to the respective plate or bar from which it is cut off. 

His remarks that forgery of private steel stamps cannot be prevented by any means must be taken 
as an unavoidable fact. 

Mr. Koch recommends the selection of three additional tensile tests in such cases where the result 
obtained from the original test seems not to represent the actual quality of material—one test piece to be 
left in the normal state, one to be annealed, and one to be tempered. This fine method must be 
recommended, and was many times applied in the Diisseldorf and Vienna District. It conld be of some 
interest to state that the tempered test piece, provided the tempering was done carefully, gave the best 
results of all three tests as regards tensile strain as well as regards elongation. 

[ fully agree with Mr. Koch that the best method of removing the pouring heads from steel castings 
by sawing, as it gives the best opportunity to ascertain the soundness of the casting below the pouring 

eads. 

I take the liberty to conclude my reply with Mr. Blocksidge’s words, that the surveyor is often a 
victim of circumstances, even if he does his best to ensure that the functions of our Society are properly 
executed. 


SOME NOTES ON AUXILIARY MACHINERY. 


By P. T. BROWN. 


ReaD 8TH APRIL, 1925. 


The increased use of auxiliary machinery aboard ship, due to modern development in propulsion, 
together with the requirements for efficiency in running and working of the vessel, directs special 
attention to this subject. 

There is always, particularly in motor vessels, the possibility of a vessel being rendered unseaworthy 
by failure of some of its auxiliaries. In this aspect of the subject lies the direct interest of members of 
this Association, although, from an engineer’s point of view, there will be an equal interest in the 
ingenuity of mechanism one finds and in the efficiency of performance which obtains. 

The usual type of cargo vessel built but a few years ago with its simple set of triple expansion 
engines, ballast and donkey pumps, steam steering and windlass engines, and steam winches, gave no 
anxiety in regard to the auxiliary part of the equipment. These auxiliaries would still do their work 
even when in a neglected condition, although they might waste steam and consequently coal. 

Nowadays with oil fuel burning installations, geared turbines and Diesel engines, not only has the 
use of auxiliaries been multiplied, but the relative importance of each has become greater with the result 
that failure of one of them may cause serious consequences to the vessel. 

In these notes it is proposed to deal with auxiliaries as fitted in representative types of vessels; to 
consider the pros and cons of alternative types; to discuss arrangements and consider defects and 
remedies. 

The auxiliaries of primary importance for all classes of steam vessels are those required for condensing 
the exhaust steam and returning the water to the boilers. 


CONDENSERS. 


Marine engineers are the most conservative of people, and probably have shown this quality more 
in regard to the condenser than in the design of any feature appertaining to the marine engine. The 
embodiment of the condenser shell in the main casting of the engine became a set principle, although the 
use of the sole plate for such purpose was early discontinued except by the most conservative. The 
Admiralty set the example of separate condensers, but it is to be feared that efficiency of the condenser 
was less the reason than the exigencies of machinery space. Possibly the introduction of steam turbines 
with the necessity of higher vacua was responsible for the close study of condensers, and considerable 
progress was made in the 10 years preceding the war. 

The papers by Professor R. L. Weighton in 1906 and by Mr. D. B. Morison in 1908 were instru- 
mental in formulating present day ideas in design. These papers were masterpieces in investigation and, 
taken in conjunction with Mr. McBride’s paper on “ Air Leakage in Steam Condensers,” read before the 
American Society of Engineers in 1908, make quite a work on the subject of condenser design. The 
results of the various Committees’ investigations into corrosion and protection of condenser tubes deal 
most thoroughly with that part of this subject ; more particularly, the latest investigations made by Dr. 
Bengough. The aspects, however, which are of primary interest to us are in regard to construction, 
materials and workmanship; also in regard to defects arising in service and their treatment. 

The condenser body may be cast or built up from plates. If a casting it is necessarily heavy, and 
this is a disadvantage. A bronze casting is better than iron, but such seldom obtains on account of cost. 
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P ars pit the best type of condenser to be built up of steel plates, the following points are 
advocated :— 

1. As few plates as possible, within the working limits of the constructors, should be used. 

2. There should be no lap joints on the top. 

3. When the shell is drawn up and tacked ready for riveting the work must all be particularly 
close and all holes must be dead fair. 

4, The pitch of riveting should be close. 

5. No caulking of the rivets should be required or allowed. 

6. The eduction pipe should not be jointed to the condenser, but to a cast branch riveted to 
the same or secured thereto by bolts screwed through the condenser shell and jointed by rust or 
some good iron cement. 

7. Auxiliary exhaust pipes to main condenser should joint on to the aforesaid branch and not 
on to the shell. 

8. The air pump suction should have a straight run out from the lowest point of condenser. 

9. The condenser should be adequately supported at the bottom and not simply he!d by 
brackets riveted to the side. 

10. The bolting of the ends should be close and also that of the diaphragm plate. 
11. Sight doors of reasonable size should be provided in the water end doors to render it 
possible to test the condenser or plug a tube without having to remove the main doors. 

At special surveys the tubes should be sighted through and a certain amount of clearing by passing 
a rod through might be permitted but, if there is much in the way of obstruction, it is considered advisable 
to draw such tubes. At No. 2 and subsequent surveys the author considers it advisable to draw certain 
tubes for inspection and test. Ona recent occasion when this was done the tubes were found so brittle 
that many broke in pulling out ; others could be broken with the slightest bending pressure ; and none 
would flatten to half diameter or bend even through five degrees without breaking. A good tube should 
be capable of being hammered flat or tied in a knot without sign of fracture. Even should a tube from 
external herent seem good, selected ones should be cut, as corrosion is principally from the inner or 
water side. 

Condensers are sectioned by diaphragms in water ends to enable the circulating water to make two 
or three passes in traversing the whole condenser. Sometimes the number of tubes contained in the two 
or three sections so formed are unequal. In such cases corroded tubes are more likely to be found in the 
smaller section, #.¢., in the part through which the velocity of circulating water is greatest. 


AIR PUMPS. 


If one excepts the introduction of that wonderful invention, the ‘ Edwards Air Pump,” probably 
no part of marine engine room equipment shows less change than the air pump. Although generally 
worked from the main engine, when of reciprocating type, independent pumps are now more used. By 
retaining a vacuum the value of a separate air pump to the manceuvring qualities of the main engines 
is sufficiently great to warrant more general adoption. 

In the case of turbine machinery separate pumps are inevitable, and the need for the highest 
possible vacuum resulted in the introduction of the wet and dry air pumps. 

It may be well here to digress for a moment into the theory of what takes place in condensers. 

If a condenser contains steam only and no air, the vacuum would be governed by the mean 
temperature of the steam throughout the condenser and an air pump would not be required. 

In practice, air exists in all condensers ; its pressure has the effect of retarding the condensation of 
steam on the tube service, and it has to be removed in a state of saturation with water vapour by an air 
pump. The ratio of air to steam in different parts of the condenser is variable. At the steam inlet the 
ratio of air to steam is small ; as the steam condenses, the ratio of air to steam increases until at the air 
pump suction the air forms a very considerable proportion of the mixture. 

The capacity of the air pump is determined by the amount of pressure reduction created within its 
barrel relative to the pressure in the condenser, and it therefore follows that the temperature of the water 
discharged by the pump determines the limit of such reduction. It will, therefore, be seen that the mere 
increase of volumetric capacity of an air pump will have inappreciable effects as any increase in the load 


is followed by higher temperature of feed water, and consequent reduction of air pump effect. It is 
therefore obvious that, to efficiently obtain high vacuum, the condensed feed water and the air and vapour 
should be withdrawn by separate means. 

The means adopted in practice are the use of vacuum augmentors or employment of wet and dry 
air pumps. 

Fig. 1 represents an augmentor. It consists of a steam syphon drawing air from the condenser and 
discharging it to the air pump suction at a pressure of from 1 inch to 1} inches of mercury above the 
condenser pressure. The discharge from the syphon passes through a small condenser in order to 
condense the steam of the syphon jet. The air pump suction has a water seal which holds a head of 
water equal to the difference of pressure at the augmentor jet. This device results in an increase of from 
1 inch to 2 inches of vacuum. 

Fig. 2 represents another arrangement of the same idea. 

Fig. 3 shows a type of Wet and Dry Air Pump which is considered to be a most efficient design. 

The wet pump takes the water at approximately the steam temperature whilst the dry pump deals 
with the air and vapour at the volume and temperature conditions imposed by the temperature of the 
injection water. It is claimed that the efficiency of the dry pump is much increased by its contents being 
densified or decreased in volume through cooling by the injection water. This injection water is in closed 
circulation (never leaving the system as will be seen by reference to Fig. 3) and is, therefore, not subject to 
eration. Another point making for the efficiency of the dry pump is that, by discharging below the head 
valves of the wet pump, it has not to work against full pressure range. 

Maintenance is not a serious item with air pumps provided the original workmanship is good. With 
the ordinary type of main engine driven pump it is most important that the liner should be a proper fit 
in the casting at its upper part, and that its flange makes the joint. Care is also requisite that the bottom 
of the cover stuffing box does not bear on the centre part of the head valve plate when the cover is 
screwed down and makes its joint. 


CIRCULATING PUMPS. 


The reciprocating double acting circulating pump worked from the main engine may now be regarded as 
obsolete. For this we may be thankful. The necessity of keeping the condenser cool whilst warming up 
or manoeuvring renders a separate pump desirable. The ballast or general service pumps are often 
required at such times for purposes other than circulating the condenser and, in any case, their capacity 
is limited. The efficiency and convenience of a centrifugal pump leaves no room for discussion. In the 
installation of such it is important to see that neither it nor the suction and discharge pipes are put too 
high in relation to the light load line, that the casting is accessible for inspection, and that glands are 
* get at able.” 

The upkeep of centrifugal pumps is not a serious problem, but from time to time the impellers and 
shaft should be examined. Impellers are liable to develop cracks. 

The reciprocating type of pump may, on the occasion of Special Survey, call forth all ones’ ingenuit 
to secure an effective repair. The valve chest doors, the diaphragms, and the holes in same through =eK! 
studs secure the valves, are prone to change from cast iron to graphite. 

The desirability of adopting expensive means of effecting repairs when such a stage is reached is m9 
to question, The better plan appears to be to use cement and get a new casting fitted as soon as possibl 


FEED PUMPS. 


These may be regarded as the principal auxiliary and received from the earliest days—certainly from 
the days of the introduction of higher boiler pressures—much thought and consideration from Marine 
Engineers. 

We are all familiar with the general type of plunger pump worked from the main engine, generally 
through rocking levers but sometimes, in small vessels, direct. Caution called for over size design and/or 
the duplication « of the pump. 

Mechanically simple, these pumps are noisy and inefficient, and mainly function in providing work 
for the air pump and introducing a corrosive agent into the boiler. 
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These facts are, of course, now well appreciated, and plunger pumps, as a rule, are only used to 
transfer the water from tne hot well to a surface heater. 

It is generally contended that the air is there got rid of by the medium of the atmospheric cock. 
This contention, however, cannot hold in regard to the air in solution, and even regarding the separate 
air, such is returned to the condenser. 

Appreciation of the above facts have led to the use of separate feed pumps with automatic control. 
A well known firm, very many years ago, provided an adequate solution to this problem. 

Their pumps to-day possess no leading features of difference from those of 30 years ago. There 
have been many imitations of this firms’ pumps and much ingenuity has been shown in valve design to 
secure constant working at variable speeds. 

All these pumps are efficient and give little trouble when understood; but often the valve 
mechanism is not simple and understood by the people in charge, with the result that a good piece of 
mechanism receives a bad name. 

In recent years Turbo-Feed pumps have found favour, experience in the working of such at sea 
having been very satisfactory. Such pumps are simple in construction, have few working parts, and on 
account of their speed are economical in steam consumption. Their weight and the space occupied show 
to advantage in comparison with direct acting pumps, particularly in those of large capacity. 

The donkey feed pump of old was usually a duplex pump, and such still obtain ; principally for 
reasons of cost. A duplex pump has many working parts subject to wear and tear, and, although there 
are two pump barrels, we only have the equivalent of one, for, if anything goes wrong with one side, the 
other is disabled. On account of the large steam spaces these pumps are also wasteful consumers. Direct 
acting pumps are more economical and very simple. Their leading features are the double valve arrange- 
ment which provide for constant stroke, the avoidance of dead centres, and the expansive use of steam. 

On the subject of defects and repairs to direct acting pumps little arises, but, in carrying out repairs, 
it is important that designed proportions be not interferred with. Rough workmanship in the valves is 
to be avoided—they must be true and correctly fitted, and it is most important that flat valves be 
accurately faced and really bear on their faces. Pump liners, if slightly scored, may be filed or skimmed, 
but, if much worn, they are better renewed. 

Pump buckets are naturally the part most subject to wear. When rings are worn, it is often the 
practice of the ships’ engineers to fit some type of ring of their own invention. This is bad. One firm 
uses ebonite rings, which are very reliable; these rings are effective even when considerably worn, and 
need not be changed until such stage arrives. 

In all classes of pumps the metal of valve chambers, where the valve seats are housed, is worthy of 
attention. Corrosion here is common and may result in a breakdown. Wastage will always mean 
inefficient working, and the real trouble is, that once such starts, it rapidly increases. Electric welding 
affords a means of dealing with such defects and re-machining and fitting of new seats completes the repair. 
Whilst most pumps are fitted with robust types of valves one frequently meets those of frail design, and 
all are well worth careful examination. 

There is a point about pump castings worthy of consideration in these days of “laid up ships.” A 
pump may be left with the et er full of water which, during a period of disuse may be frozen and 
result in cracking the chambers. This defect is most likely to be found in the water passage between the 
two ends of the pump as here the metal is usually somewhat thinner than in the main body of the 
castings. 

Feed pipe arrangements may be usefully considered but, before doing so, we may look into the 
question of feed heaters. 

The question of fuel economics being beyond the scope of this paper, the subject of heaters will onl 
be treated from the practical aspect. As surveyors, we are often consulted by builders and owners on suc 
questions as feed heaters, but it is not so much on the theoretical side that information is sought but on 
the practical results. In other words it is the mechanical aspect. 

In the narrow view, feed heaters need not concern the surveyor as the machinery can work without 
them, but, if fitted to a classed vessel, they form a part of the machinery which is certified by the 
Society, and their mechanical ability to function should be our concern. 

Broadly we find two types of heaters—Contact and Surface; such are fitted generally on the 
discharge side of the feed pump. 
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The contact type is very simple in construction and possesses few parts liable to derangement. 
Points deserving attention are the heating steam valve which is liable to break or wear by clattering ; the 
float, liable to wastage ; and the atmospheric and relief valves which are liable to suffer by neglect. 

Surface heaters are more prone to defects than contact types, more especially the cheaper ones. As 
a principle in construction they have a nest of tubes expanded into headers. 

Brass or copper tubes are used and the headers may be of rolled brass, bronze, or cast iron. 

The use, however, of cast iron for tube plates is not one which may be commended, although it 
obtains. Really good close grained cast iron is obtainable but, the frequency with which one finds plates 
containing blow holes is sufficient reason for preferring rolled bronze plates. 

The suction and discharge pipe arrangements of the feed system deserve very close attention. Every 
vessel has its own peculiarities so that hard and fast rules cannot be laid down. A few points, however, 
may be generally summarised as follows :— 

1, All pipes should be of copper. 

2. Flange couplings should be generous. Skimping is not economy. Ps 

8. Suction lengths should be as short as possible. A distinct endeavour to secure this point 
should be made. 

4. On the discharge, right angle bends should be avoided as much as possible and, such 
provision should be made when feeding a battery of boilers, that the possibility of one boiler 
receiving water at the expense of the others should be eliminated. 

5. The securing of feed pipes is important. The delivery pipes connected to plunger pumps 
are frequently subject to violent shocks, and adequate supporting of the same will prevent burst 
joints. 

A point worth considering—although strictly more concerning the subject of boilers than feed 
pumps—is the internal feed pipe. Effective jointing to boiler shell is necessary to prevent wastage of 
same. Internal pipes have usually blind ends and, throughout their length, are perforated with slots or 
holes. These should be ample in number and not too small. Slots should be .3; of an inch wide or holes 
+ of an inch diameter. The reason for this is to obviate the possibility of such holes becoming ineffective 
by filling up with solid matter. The author once encountered a really very bad case, due to partial choking 
of slots in the internal feed pipes of a battery of three boilers. The feed check valves had clattered 
themselves into a most weird shape and still worse, the valve seats had worn so much that, in parts, the 
lower portions of chests were only about ;!, of an inch thick. 


BILGE PUMPS. 


The Rules laid down by Lloyd’s Register with regard to bilge pumps and pumping arrangements 
are most definite ; those of the Board of Trade, if not quite so definite, are on similar lines. It follows 
that uniformity should exist. Possibly it does in the broad aspect, but, in matters of detail in arrangement 
divergences exist and, in view of the importance of the subject, great attention to the bilge arrangement 
is requsite. The coaster and the tramp are not the worst sinners in bad arrangements—large liners can 
sometimes take points from them. Are there any engineers who have “gone down to the sea in ships” 
who cannot recall anxious hours getting rid of water with stokehold plates awash and the cranks churning 
up the bilge water ? 

In most reciprocating steam jobs we have plunger pumps driven off the main engines supplemented 
by suctions to a general service andjor ballast pump. Bilge pumps worked from the main engines are not 
subject to any of the objections that feed, circulating, and air pumps, so driven, are. However, if the 
latter were not thus worked there is small likelihood that the expense of fitting links and levers would be 
adopted for the former. 

Frequently one finds plunger bilge pump rams made from cast iron. The objections to such are the 
extra weight and the tearing effect on the packing, especially if, when slightly worn, blow holes are 
revealed on their surface. The more frequent practice is tu have the bilge pump plungers of bronze and 
of the same size as the feed. Presumably this is for interchangeability ; but, as to whether the feed are 
to replace the bilge or the bilge to replace the feed, the author has never quite ascertained. 

Certainly either would be difficult as the wear of each is very different. 
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The valves of plunger pumps are expensive ; they wear out most readily. This is due to their high 
lift. It seems to be a maxim that the lift must be “4 One could wish that simple equation were left in 


its proper place—the examination room for 2nd class certificate—and not carried to the drawing office. 

Multiple light valves never seem to have been adopted for bilge plunger pumps, but the author once 
got out an arrangement of such for feed plunger pumps, and they worked well. 

The principle involved in driving bilge pumps from the main engines is wrong, because the quantity 
of bilge water bears no relation to the speed of the main engines. 

Turbines have led to the more general adoption of separate pumping engines for bilge work, and the 
same practice mostly obtains in motor vessels. In the latter, electric motors are mostly used for driving 
such pumps and it is thought that this is all to the good. The author advances the view that, in 
satisfying the rules regarding the number of pumps, such pumps should be generally confined to one use 
and not made general utility machines, which practice confuses arrangements. 

Steam driven vessels are fitted with a bilge injection, but no real equivalent is provided in motor 
ships for, although a separate suction to the ballast pump may be fitted, such will seldom provide the 
pumping capacity of a main circulating pump. 

It is thought that, certainly in the larger class of vessel, a separate driven centrifugal bilge pump 
for emergency is desirable, and that the ballast pump function solely for its own purpose. It has to be 
borne in mind that, in motor vessels, there is more circulating water finding its way to the bilges than in 
steam vessels, notwithstanding the lessened probability—with forced lubrication—of the use of the 
cooling hose. 

Another desirable point for the larger type of vessel is to have the separate bilge pumps on opposite 
sides of the vessel, each having separate and straight suctions to the wings. The advantage of this in 
case of a list on a vessel is obvious. 

Possibly the arrangements of the bilge piping offers the greatest scope for care. The author 
remembers one case where a ship all but capsized due to bilge and tank pipes being crossed. Such could 
never have occurred had such simple expedient as fitting an even number of bolts to the bilge pipe flanges, 
and an odd number to tank pipe flanges, been adopted. 

With the advent of oil fuel, lead pipes—on account of their poor heat resisting qualities—are falling 
into disuse. Where weight is not a consideration, cast iron pipes are much better and, for place bends, 
galvanised steel piping is more desirable. ‘The facility with which lead pipes may be repaired is some- 
times offered as an argument in their favour but, in the author’s opinion, this advantage is more than 
balanced by the ease with which such pipes may be flattened or cut. Another point of importance is to 
have the lengths of piping from suction chest to strum box as short and straight as possible. 

Before proceeding to the consideration of other auxiliaries it is possibly worth drawing attention to 
the adaptability of steam ejectors for bilge work. These have been used with considerable success in 
small vessels and might be more extensively adopted to advantage. 


BALLAST AND GENERAL SERVICE PUMPS. 


These pumps are generally of the bucket type, and advisedly so, as it is hardly possible to drain a 
compartment with a rotary or centrifugal pump or ejector. 

The suction and discharge chests of the general service pump function for a variety of purposes, and 
it is desirable that each valve be clearly marked. The name plate should be on the chest, not on the 
cover or hand wheel. It is also desirable to employ one strip of brass for the names of all the various 
valves of a given chest, or to have different length strips if using separate name plates for each valve. 
Screw lift and non-return valves when incorporated in the same chest should be of different sizes. 


COOLING PUMPS. 


Under this general heading may be included pumps for the following purposes :—Engine circulating, 
piston cooling, oil cooling. 

Frequently direct acting or duplex pumps are fitted, but rotary types are thought preferable. Such 
can be smaller and, having fewer working parts, cost less for upkeep. 
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OIL PUMPS. 


Under this heading we have the following :-— 
1. Lubricating oil circulating pumps (motor and turbine vessels). 
. Oil fuel pumps (oil fuel burning vessels). 
. Fuel oil pumps (motor vessels). 
. Transfer pumps (oil fuel burning and motor vessels). 
Cargo pumps (tankers). 

1. Rotary pumps have generally found favour for this service although direct acting plunger 
pumps are sometimes employed, more particularly in turbine vessels. 

2. Oil fuel pumps are either of direct acting or duplex type. Direct acting are preferable as 
they must be in duplicate. For reasons of cleanliness when overhauling, vertical are more 
desirable than horizontal pumps. 

3. These are generally of the rotary type. 

4. In motor vessels rotary pumps are sometimes fitted, and in oil fuel burning vessels direct 
acting or duplex pumps are general. Rotary pumps would seem possible for all cases. 

5. Cargo pumps in tankers are usually duplex pumps of the horizontal type. This is a feature 
the author has never been able to understand. Why should horizontal pumps be fitted ? There 
is always plenty of vertical space in a pump room but in the horizontal plane, space is quite limited 
by the large pipes, sluice valves, &c. 

One firm which specialise in the manufacture of oil pumps have adopted a vertical pump for cargo 
purposes, and their specification includes specially close grained cast iron chamber and valve seats, steel 
pump buckets and rods, and steel valves. The application of these metals for oil pumping is, the author 
thinks, sound practice in view of. the deleterious effect of sulphur on cuprous metals, and the uncertainty 
that the pumping installation may at all times deal with oil of known and innocuous analysis. 

Valves and seats are the most susceptible parts of cargo pumps to defect. Soft packings are some- 
times used for buckets but such are thought undesirable. 
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DUPLEX v. DIRECT ACTING PUMPS. 


The duplex type has become a habit in steam vessels. Possibly low cost is the reason for this as 
there are so many types on the market—mostly good—and competition leads to cheapness. 

This type of pump, however, has one great disadvantage, viz., if one cylinder gets out of order the 
other is also thrown out. Hence the name “ Duplex.” Possibly there is no other steam auxiliary that 
can be so fussy and noisy in its work as a pump of this type when it has started to wear, and repairs are 
often costly in comparison with the value of the machine. Vertical pumps are more satisfactory than 
horizontal—cylinders and chests are more easily drained, and wear of the buckets is much less. Owners 
often go to the expense of fitting gunmetal water ends to duplex pumps. This is sound practice but, why 
not fit a pair of reliable direct acting pumps and effect economy in steam consumption? The pair of 
pumps have the extra advantage that when the work is light only one need be used and also, that one may 
be overhauled whilst the other is working. 

The advantage of direct acting pumps may be summarised in the following headings :— 

Quietness in operation. 

Possibility of large variation in speed of pumping. 
Economy in steam consumption. 

Increased durability. 

Accessibility. 
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ROTARY v. PLUNGER PUMPS. 


The term rotary is meant to include all types of pumps—centrifngal, turbine or vane—in which 
the fluid is propelled by some form of rotor. Such type possess the great advantage of few working parts 
and simplicity in construction. The number of parts subject to wear are reduced to a minimum as is also, 
in consequence, liability to derangement and cost of upkeep. 
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High revolution speeds are attainable by use of electric motors or steam turbines for driving, and in 
consequence, weight and space are likewise reduced. Where work is intermittent, no doubt plunger pumps 
are requisite but, where even and continuous action is requisite, it seems that great advantage would 
accrue from the more general adoption of rotary types. 


OIL FUEL INSTALLATIONS. 


A very excellent paper having previously been given to our Association on this subject it is not 
proposed to deal extensively with the same. 

Although there are several systems in use they may be briefly narrowed down to two—the High 
and the Low pressure. Pulverisers and burners constitute the principal points of differences in the 
various plants extant. 

Briefly the machinery consists of transfer pump, suction fitters, pressure pumps, heaters, discharge 
filters and burners. Other things sent to try us consist of heater coils, fuel piping and settling tanks. 

Almost every firm supplying oil fuel burning plant has adopted a compact system. In the author’s 
experience this has been a mistake. The plant is too congested, accessibility is lessened, and the space 
occupied is too localised. Many advantages are to be had by mounting the pumps, heaters and filters on 
the athwartship bulkheads. Less useful room is taken up, the various items, especially filters, are more 
accessible, and if, as is usually the case, the frame space beneath is a cofferdam or oil well, spilling of oil 
becomes less serious. 

There seems nowadays to be a tendency towards the elimination of large settling tanks. No doubt 
they are awkward things to stow, but they are most useful for the extraction of water. They should be 
adequately heated as this is the most effective way to getting rid of water in oil. 

The position of heating coils in bunkers is important. It is quite usual to put a spiral coil around 
the suction pipe, but, unless the bulk of the oil be adequately heated, the efficacy of this device is 
doubtful, An important point is to keep heater coils well removed from pipes—bilge for instance— 
which pass through oil bunkers, so that the provision for expansion of such will not require to be elaborate 
and expensive. It is also advisable to keep coils as far from the sides or bottom of the vessel as possible, 
consistent with being able to heat the oil effectively. The reason for this is that the heating of the shell 
of a vessel causes blisters in the paint and considerable corrosion goes on under such blisters. 


AIR COMPRESSORS. 


Auxiliary compressors are usually driven by Diesel engines or electric motors, and emergency 
compressors by steam or hot bulb engines. However much one appreciates the reliability of the Iiesel 
engine, there seems no doubt that the electric motor is the best drive on account of the smaller space 
occupied, lessened labour of maintenance, and greater facility for operation. 

The question of ‘steam ” or “ hot bulb” depends on the requirements of other auxiliaries. If there 
are other steam auxiliaries in the vessel, notwithstanding the simplicity and reliability of hot bulb 
engines, a steam compressor would generally be preferred. 

Defects in compressors will usually be found due to one of the following causes :— 

1. Excessive lubrication. 

2. Oil working into compressor from crank pits. 

3. Water in air. 

4. Errosive and corrosive action in the intercooler coils. 

The observance of the following points in compressor construction results in a good job, and vice versa, 
if a given machine does not comply with such points, a clue is provided as to the cause of any defect 
which may arise. 

(a) Compressors should be of crosshead type. 

(b) The differential is preferable to the steeple type and the M.P. stage should be lowest with 
the L.P. situated between it and the H.P. 

(c) The valve chambers should be water cooled. 

(d) There should be no joints common to both air spaces and water passages. 

(e) Intercoolers should be of straight tube type. 

(/) The cooling surface on the L.P. stage should be adequate. 
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The latter is most important as, if the water be not extracted from the air on the L.P. stage it seems 
very difficult to get it out at all. A useful figure is from 400 to 500 square centimetres per litre 
capacity of compressor, or say 12 to 15 square feet per cubic foot capacity. 


Figs. 5 & 6 show compressors embodying most of these points. 


ELECTRIC GENERATING MACHINERY. 


It is not proposed to include dynamos, as such, in the present paper, but some brief treatment of the 
prime mover lies within the scope. 

Steam engines for driving dynamos are usually of robust construction and well up to their work- 
Opinions differ as to whether the open or closed type is to be preferred, and there is the further 
consideration of using compound or simple engines. 


The condensing plant solves the latter problem. Open engines have the advantage that adjustments 
are more easily effected, but have the undesirable feature that they throw out lubricating oil, rendering it 
difficult to maintain a clean engine room. Engines of the closed type are cleaner and, their lubrication 
being such as to permit of close bearing adjustment, they are quieter in running. The glands of this type 
are, however, a difficulty, as little space is available for the work of packing. 

One of the main considerations in regard to a dynamo engine is the soleplate. That of engine and 
dynamo are preferably in one casting which should be of very rigid construction. 


Various forms of flexible couplings have been used between the dynamo shaft and the engine crank 
shaft to allow for inequality of wear of the engine and dynamo bearings. The best provision undoubtedly 
is to give ample bearing surfaces and effective lubrication. Then there will be no wear of bearings and 
so no difference in wear, and the coupling may be rigid. 

In the installation of a steam-driven electric plant the engine seating and the steam piping call for 
close attention. 


Besides being strongly built into the ship the seatings must possess the quality of stiffness, and this 
applies particularly to the top plate. 


The lead of steam pipes mus? be direct from the boiler. No dynamo engine should ever take steam 
from an auxiliary range, as no governor ever designed will compensate for the theft of steam which occurs 
when some pump—é.g., the ash ejector—is started. The lagging and draining of the steam pipes is 
equally important. It is desirable to provide racher thick lagging on the dynamo steam pipe in view of 
the more serious consequences attendant on water reaching the engine, than in the case with slower 
running engines with greater cylinder clearance. Also the steam pipes should be led as direct as possible 
with a gradual slope towards the dynamo to permit of good drainage. A large drain cock should be 
provided on the boiler side of the stop valve. Separators are frequently fitted, but such are often 
perverse in action and the simple drain is to be preferred. 

It is surprising that steam turbines are not in more general use for driving dynamos. They are 
light, economical at the high speeds possible, and sensitive to governing devices. 

When oil engines supply the generating power the engine seats require even more consideration than 
in the case with steam engines. 

Large units will usually have a strong seating of similar design to that adopted for main engines, 
but it is the smaller units which require close attention, particularly two-cylinder units of four 
stroke cycle. 


A defect in a Diesel auxiliary used for driving a dynamo, which has come under the writer’s notice 
on more than one occasion may, for such reason, be mentioned. This engine has its compressor driven by 
a dise crank, shrunk and keyed to a reduced end of the shaft. This end sometimes fractures in the neck 
as shown in Fig. 6. It is not thought possible that the pin end is too light for its work as no trouble 
has been experienced after repairs as shown in Fig. 7 have been carried out. 
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FIRE EXTINGUISHING APPLIANCES. 


The seriousness of a fire aboard ship is so great that adequate provision to meet this contingency is 
requisite. More especially do these remarks apply to oil carrying vessels and those fitted with oil engines 
or for burning oil fuel. 

Undoubtedly the best attack on fire is the adoption of measures likely to prevent its occurrence and 
limit its scope. 

A notice board on the evils of smoking is not adequate. Except for the careless use of naked lights 
unsatisfactory electrical arrangements may possibly afford the greatest risk of fire. This risk is eliminated 
by close adhesion to the letter and spirit of the electric light rules, but the possibility of the occurrence 
of fire should be borne in mind when considering: (1) position of fuel tanks, (2) leads of exhaust pipes 
from oil engines, (3) arranging of valves and pipes, (4) position of silencers, (5) position of oil pumps, 
(6) ventilation. 

A fire may be extinguished by either :— 

1. Reducing temperature. 
2. Excluding air. 
The media employed are :— 
1. Water. 3. Sand. 
2. Steam. 4. Chemical. 

The latter two are very well in a garage but have their limitations on shipboard. Water is the 
oldest means and, the author thinks, still the best. Blazing oil in a stokehold will soon be reduced below 
the ignition temperature if the stokehold be flooded ; a useful fitting would be a flooding valve with 
control from deck, fitted on each side of the ship in every stokehold where oil is used as fuel. Steam for 
holds or cargo tanks is very useful but hatches should not be opened; the ventilators being relied upon 
for the expulsion of air. A most useful idea for oil tankers is to have a space between the top flange 
joints of the steam pipe—effected by the ommission of a joint and putting a washer over each bolt 
between the flanges—and so provide a surface spray of steam. For engine and boiler spaces the steam 
extinguishing service should consist of horizontal pipes with very narrow slots below and placed well under 
the floor plate level. 

Chemical extinguishers are most useful in yachts. In fact, for this class of vessel, they are the only 
practicable means. The number and size should be adequate and the contents should be changed from 
time to time. 

The utility of sand boxes has been questioned above, but the practice of having a tray of sand in front 
of eal furnace mouth is quite a good one. This, the author considers, to be the extent of the utility of 
sand. 

The provision of a single ventilator to an enclosed space cannot be considered as ventilation. 
Circulation is also necessary. In tankers, high and low gas ejectors should be provided ; this results in 
effective ventilation and circulation, and permits of exhaust of light as well as heavy gases. 


ENGINE ROOM ARRANGEMENTS. 


At this stage of these notes one may reasonably ask “ but where are all these auxiliaries to be put.” ? 
Economy and efficiency, particularly with high powers, have led to the increase in the number of 
auxiliaries and the arrangement of such is a considerable problem. It calls for the consideration of all 
sorts of points which the unpractical may consider to be mere trivialities. 

Whilst a bad arrangement may, in certain circumstances, result in rendering a vessel unseaworthy ; 
an indifferent arrangement may have a moral effect as undesirable as any material defect. When 
auxiliaries are convenient for operation and overhaul they are attended to. When ladders have to be 
climbed, steps descended, and perambulations made to get at a machine, and when extraneous parts 
require dismantling to effect minor adjustments or repairs, the incentive for a man to take a real interest 
and pride in his engine room is lessened and may, in better days than the present, result in frequent 
changing of personnel. Applied to motor vessels the latter consideration is serious. 
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The first point of importance, and one which, judging by results, seems to receive all too little 
attention is “* platform level.” 

In this connection it may be remarked as being extremely undesirable to express an opinion on an 
engine room arrangement on plan views only. Elevations, both longitudinal and athwartships, are 
necessary. Particular care in this regard is necessary in vessels with machinery aft. 

An ideal engine room platform should have no steps except leading into the tunnel, and in certain 
cases, the thrust recess. 

The bases of all auxiliaries should be a convenient height above the plates, and no part of the pumps 
or valve chests should be as low as the platform level. 

It is not uncommon to find such things as filters and coolers below the platform. This is bad ; 
nothing other than pipes should be so hidden, and the leads of these should be systemised. Crossing and 
changing direction should be avoided as much as possible. To paint the pipes in different colours 
according to their uses, as a means to immediate indentification, is not an extravagence. 

The motors for the driving of engine room auxiliaries are not usually of the water-tight variety and 
care must be exercised that such are not fitted in places where they are likely to get wet. In one case 
within the writers experience, the motors of the piston cooling circulating pumps were burnt out from this 
cause and resulted in the total and complete breakdown of both main engines and in the vessel going on 
the rocks. 

The fact that an electric motor requires but little attention is a temptation to place it in a position 
not altogether accessible. An extreme case was one where the sight hole covers could not be opened 
without removing the motor from its seating. 

In Diesel engined vessels the principal auxiliaries, generators and compressors, are heavy units. 
This requires provision for lifting. Improvised slings over water discharge pipes or to clamps on a beam 
are insufficient ; proper provision, as in the case of the main engines, is necessary. 

In motor vessels the prevailing practice is to install auxiliaries in batteries. Except in the case of 
bilge pumps this is good practice, but to meet possibilities of serious damage on one or other side of the 
engine room, it is better that the auxiliary compressor be on the generator side and the stand-by generator 
on the compressor side. 

Electric motors help considerable in the simplification of engine room arrangements on account of 
wires being so much easier to lead than steam and exhaust pipes. 

Elsewhere, in the comparison of steam with electric steering gears, the economy of the use of electric 
motors is demonstrated by concrete examples, and another point in their favour is their adaptability for 
driving rotary pumps. 

A practice much in vogue is to install plunger pumps worked by gearing from electric motors. 
When such arrangement is contemplated it is desirable that, as far as possible, the stroke and diameter of 
the various pumps be the same; the variation in capacity being obtained by increasing the number of 
buckets driven from each shaft. 

In steamships, particularly, it is no uncommon thing to find pumps by several different makers in the 
same engine room. Now, all auxiliaries have their various tricks, and it is easier for an engine room staff 
if they have to learn only the peculiarities of one set. This is thought sufficient reason for the adoption 
of only one firm’s manufacture throughout a given vessel. 


STEERING GEARS. 


The motive power for working the rudder may be either :— 


1. Steam. 3. Hydro-Electric. 
2. Compressed air. 4. Electric. 

The first named most commonly applies but, from the successful results which have attended the use 
of hydro-electric and electric gears, the more general adoption of these types may be anticipated. 
Bearing this in mind these types are dealt with here more than are steam gears. Although there are a 
multitude of types of steam gears they show, generally, no great variety in principle although, in detail 
of mechanism, they often reveal great mechanical genius. As examples of this quality may be mentioned, 
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the Sun and Planet means of operating the control valve patented by one maker and, the pinion and 
quadrant mechanism evolved by another whereby an increased gear ratio was provided for the larger 
rudder angles. 

The requirements of a steering gear are :— 

1. Immediate response to helm. ery 

2, Sympathetic action. It must be positive in relation to helm movement and quick in 
action. 

8. It must work smoothly and be able to take the varying loads of all angles of helm and in 
all conditions of weather and sea. see 

4. It must give way under abnormal stress and return automatically to its former position - 
when such stress is removed. 

5. The construction must be robust and materials of a high class. Bearing surfaces must be 
liberal. 

6. It should be economical in power consumption. 

A gear which may be considered to fulfil these conditions is the Steam Tiller. This was invented 
some 35 years ago and, although improved from time to time as experience dictated, its leading features 
remain unaltered. 

The outstanding feature of the Steam Tiller is that the steam engine is carried on the tiller and, 
through the medium of a pinion, travels round a rack secured to the deck. 

The second important feature is that the motion from the engine is communicated to the aforesaid 
pinion through the medium of a friction clutch. By this latter pfovision, requirement (4) as above 
stated, is satisfied. Another, and possibly, the greatest function of the friction clutch is the facility it 
provides for changing over from steam to hand gear with absolute safety. ; 

All steam operated gears either use a rack and pinion motion or the quadrant is actuated by chains 
and rods. The liability to deformation and damage of the latter is apparent, and the shocks on teeth of 
rack and pinion gearing, constitute a weakness. To minimise tooth shock a gear has been designed in 
which the quadrant is free on the rudder stock and is connected by springs to the tiller which, in relation 
to the quadrant, is light in weight. 

To obviate the objections mentioned, hydro-electric gears have been evolved, and, with the inclusion 
of the free quadrant idea above mentioned, direct electric gears have become very successful. The 
principle of each of the hydro-electric gears mentioned above is similar. Briefly, the gear consists of a 
pair or four hydraulic cylinders connected in opposition by a swivel block to either a single or double 
tiller. 

Power is supplied by a non-reversing electric motor driving an oil pump which is controlled by the 
steering wheel, and delivers oil under pressure to one or other of the hydifealle cylinders as required. 
The contrel gears actuate the pump by varying the stroke of a number of pistons and by determining the 
direction of flow through two ports which are alternatively suction and discharge 

Amongst the advantages claimed for hydro-electric gears are :— 

1. Quietness and smoothness in working. 

2. Absolute reliability. 

3. High efficiency. 

4, Simplicity of design. 

5. Long Life. : 
whilst agreeing to all these contentions it may not be out of reason to suggest that the pump is 
a weakness. 

In regard to efficiency, diagrams I[., II. and III. with appended data speak for themselves. They 
refer to actual tests on a steamer of 13,000 tons gross. 

It will be observed that the efficiency of the hydraulic gear is more than double that of the steam 
gear, whilst, in the more important item of fuel consumption, it is estimated that the steam uses over ten 
times as much as the hydraulic gear. 

Electric gears possess the advantage of silence in operation and economy in working. 

There are three systems in use :— 


1. Motor generator. 
2. Single motor. | 
3. Electro-Mechanical. 


In the first system the rudder motor is not supplied from the ship’s mains, but from a special electric 
generating plant usually worked by a motor which derives its current from the ship’s mains. 


The electric connections between the generator and the rudder motor are fixed, there being no 
switches, and the motor starts, stops and reverses, according to the generator supply. The voltage of the 
ge nerator is determined by the strength and direction of the small current in its shunt exc iting coils, and 
this is determined by the motion of the helm as follows :— 

The helm rotates a screw shaft operating a rheostat, and the rudder motor is geared to a 
similar screw shaft operating a rheostat similar to the one at the helm. Each of the screwed 
shafts operates a nut which carries a sliding contact along its respective rheostat. 


A small current flows continuously through the rheostats but, as long as the two sliding 
contacts correspond, no current flows between them. When the wheel is moved and displaces its 
slider the current flows in one or other direction between this and the slider at the gear. 


The generator is thus excited and supplies current to the rudder motor, which, pars 
operating the rudder, works its slider back until it coincides with that of the wheel, when i 
automatically stops. 


The apparatus is illustrated in Fig. 8. 


SINGLE MOTOR SYSTEM. 


In this system (Fig. 9), a reversible electric motor is connected through gearing on to the steering 
quadrant. For each movement of the wheel the motor is started, stopped or reversed, by an automatic 
starting switch which takes current from the ship’s electric supply. The connections for reversing the 
motor and speeding it up are made by “contactor” switches, 7.e., relay switches in which a heavy contact 
for main current is closed by means of an electric magnet excited by a small current. 

When a movement is made at the wheel, one or other side of the reverser comes in, starting the 
motor slowly in the desired direction. If a big angle of helm is required the remaining contactors close 
also, bringing the motor up to full speed. 


The small current which operates the contactors are controlled by a master switch in the steering 
flat. This is connected in the same way as a valve of a steam steering engine, to the middle member of 
a mechanical “ hunting ” gear. 


One side of the hunting gear is driven by the main motor and the other side follows the motions 
of the wheel. When the wheel is moved the middle member of the hunting gear is pushed over, starting 
the motor. The motor, in running, drives the opposite end of the hunting gear in the reverse direction 
and pushes back the middle member, thus switching itself off when the*rudder has reached coincidence 
with the wheel. 


ELECTRO-MECHANICAL. 


This system is adaptable to small vessels and has been used on yachts and foreign submarines. The 
wheel is mechanically connected to the tiller through shafting or chains, and steering can be carried out 
by hand power if required. An electric motor is, however p provided, which helps the wheel over in the 
direction in which the man is trying to turn it as long as he keeps the wheel moving in that direction, 
thus closing a pair of switch contacts. When he checks the wheel the motor overruns him and breaks 
the switch ‘contacts, stopping the motor. By this means the quartermaster can easily, under all circum- 
stances, operate a wheel which might sometimes require considerable exertion from two men. 

The first system has the distinct advantage of simplicity, although, as the motor generator runs 
continuously, it is not so economical as the second. The latter, however, has the disadvantage that up- 
keep of the contractor switches and other small parts is considerable, and that skilled supervision is 
necessary. 

The third system may only be considered suitable for small vessels, yachts, &c. It is simple, but has 
the disadvantage of shafts, chains, &c. 
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SURVEY AND UPKEEP. 


The necessity that a steering engine must be reliable has been so appreciated that makers usually 
provide robust scantlings, ample bearing surfaces, and with good workmanship; serious defects are not 
common. But, for efficient working, the high standard of accuracy of the working parts must be main- 
tained, as jamming of the gear is easily possible with leaky control valves, inaccurate operating gears, or 
loose fitting hunting arrangements. 


As an instance of how a small defect may lead to serious consequence the author recalls a gear which 
jammed at a critical moment, because a small flat had worn on the revolving cam, 


It is more in regard to transmission that defects develop, especially with rods, chains and sheaves. 
So much so, that one could wish such abolished and all engines be fitted aft with control by telemotor. 


The use of shafting control from wheel to engine is particularly undesirable in oil tankers where such 
is frequently fitted along the flying bridge connecting the bridge to after deck house. The amount of 
movement of this bridge and between these two parts of the vessel is appreciable, and, even when universal 
joints are fitted, result in considerable wear of pinion teeth. 


A very good practice, now in common use, is the periodic annealing of steering chains. Guide 
sheaves are frequently worn, and their securing brackets loosened from the deck or other point of support. 
When this occurs it is advisable to seek the cause. The plane of oscillation of the rudder quadrant may 
not be true with that of the chain guide sheaves. It is advisable to gauge the height of the extreme 
points of the quadrant periphery from the deck in the central and in each hard-over position, and further, 
to test the leads around the quadrant and sheaves by a thin wire. 


Adjustments will frequently be found requisite. 


WINCHES. 


Notwithstanding the extensive adoption of electric motors for various purposes in the engine room, 
there has been, and still is, a certain amount of bias against their use on deck for winches, but when 
manufacturers feel justified in advertising such as weather proof, fool-proof, rogue-proof, silent and water- 
tight, it may be considered that there is no reason for such suspicion. 

Operating against general adoption, the question of first cost is probably of greater account than 
mere conservatism. However, the latter force does obtain, and would lead one to offer the following 
reasons in favour of the use of electric winches. 

1. The use of steam winches involves long lengths of copper steam piping. This is expensive, 
and the difference between its cost and that of electric leads would go a long way towards meeting 
the extra cost of an electric machine. 

2. These long lengths of steam piping result in considerable condensation, and increase of 
fuel and water consumption. Such losses are greatest when the machine is not working. With 
an electric winch no power is used when the machine is stopped. 

3. The leading of electric cables is a much simpler business than of steam pipes, and involves 
no deck obstructions. Further, the decks are cleaner. 

4. Deck steam pipes with their guards, &c., are frequently carried away during heavy 
weather. Similar troubles are less likely with electric leads. 

5. Considerable repair bills arise from the wastage by corrosion of deck plates, house coamings, 
&c., attributable to deck steam pipes. The elimination of such is a distinct advantage. 

6. Quietness in working makes the electric winch a distinct advantage in passenger vessels 
which deal with cargo at intermediate ports. 

7. Power is not requisite for lowering. 

8. Higher lifting speeds are safely attainable, which means saving of time in discharging 
of cargo. 

a Electric winches are simple in construction, thoroughly reliable, and the cost of upkeep 
is small. 
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One important fact becomes apparent to one who may be making a comparison of steam and electric 
driven machinery. It seems that, whilst there has been a tendency to cheapen the construction of steam 
gear, the latest. models of electric machines are of a higher class both in materials and workmanship than 
their prototypes. Whilst this may be evidence that the earlier electric winches were not all that was 
desired, it is a sound economic argument that electric winches are a success. 

It demonstrates that, on the one hand, people will only use steam winches when they are very cheap, 
and on the other, that the users of electric winches are willing to pay more. 


CONCLUSION. 
The auxiliary machinery may reasonably be considered to present a parallel to the proverb of the 
pence and pounds, “look after the auxiliaries and the main engines will look after themselves.” 


It is hoped that members may have had sufficient patience to read through this paper and will give 
their views on the subject. 


Some important auxiliaries have been omitted—e.g., evaporators and distillers—for which, possibly 
thanks will be accorded. 


—————— 
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DISCUSSION ON MR. P. T. BROWN’S PAPER 


ON 


“AUXILIARY MACHINERY.” 


Mr. 8S. F. Dorry. 

The question of economy is causing the efficiency of auxiliary machinery to be considered much more 
than has been done in the past, and the advent of the motorship. with its electrically-driven auxiliaries, 
has helped a great deal towards this end. Mr. Brown’s paper is thus extremely interesting in bringing 
hefore our notice the different types of auxiliary machinery fitted on board ship. 

At the same time, it must be realised that often the advantages claimed for special types of 
auxiliaries are not necessary for every class of vessel, and first cost is a great consideration. 

T am not quite in agreement with Mr. Brown regarding the conservatism shown by marine engineers 
in the general design of condensers, but think that it has progressed equally with the advancement of 
marine steam engines. 

The claim for greater efliciency and consequent economy has evolved different types of machinery, 
and the design of condensers which had previously given satisfaction, has progressed to suit the new 
conditions under which they have to work. 

One point might be suggested, among the many advocated, in the design’of plate condensers, and that 
is with regard to the usual fitting of angles round the ends of the shell for securing the tube plates and 
end covers. 

The most satisfactory method is to fit a forged ring in place of these angles, and so ensure a stiffer 
foundation and support for the tube plates and covers, and a better bearing for the tube plate joint. 

While agreeing with the author that a separate air pump has distinct advantages over that worked 
from the main engines, so far as manceuvring qualities are concerned, these are not sufficient to warrant a 
more general adoption, and the usual method employed in ordinary slow-running merchant vessels is quite 
satisfactory in every way. With fast passenger vessels, liners, and warships the question assumes a 
different aspect, and undoubtedly separate pumps should be fitted. 

The importance of working with a high vacuum in steam turbines is well known, and has largely 
heen made possible by employing separate wet and dry air pumps. For large powers, however, they must 
be used with some arrangement of steam jets if a high vacuum is to be maintained. 

With regard to Mr. Brown’s digression into the theory of what takes place in condensers he has 
not mentioned anything about the circulating water. The vacuum in any surface condensing system 
depends upon— 

(@) Mean temperature in the steam space ; 

(b) Pressure of air in the steam space ; 

(c) Quantity of circulating water and its temperature : 

(d) Capacity of air pumps. 
Increasing the speed of the air pumps, and thus increasing their volumetric capacity, tends towards a 
limiting value, and, assuming the circulating pump to be working at its maximum speed, the useful 
capacity of the air pump is reached directly this limiting vacuum is attained. No further appreciable 
increase in vacuum can now take place unless the inlet temperature of the circulating water is reduced, 
and since such reduction in temperature will cause a similar reduction at the bottom of the condenser, it 
is evident that the useful capacity of an air pump is fixed by the lowest attainable temperature at the 
bottom of the condenser. 
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The useful effect of the dry pump is largely dependent on the temperature of the circulating water, 
and loses much of its value when a vessel is steaming in tropical waters. 

It is interesting to hear that turbo feed pumps are working very satisfactorily. Perhaps it is the 
control that gives most trouble. They are, however, not very economical. Indeed, turbo feed pumps, 
fans, and small dynamos are generally very wasteful as regards steam consumption. They have their 
good points, however, and give most satisfaction when working at full speed. The author states that all 
feed pipes should be of copper, but why not use solid drawn steel ? 

I see no great objection to cast-iron bilge pump plungers; they are not necessarily heavier than 
bronze ones, and provided a suitable packing is used there should not be any undue wear. Multiple light 
valves are not suitable for bilge pumps. They may be quite satisfactory when the water is free from 
ashes, etc., but this is hardly the case when pumps are most needed and likely to cause * anxious hours.” 

The reason for fitting cargo pumps horizontally ajpears to be in order to obtain rigidity. These 
pumps are usually of a heavy type, and vertical pumps, especially duplex, are difficult to secure properly ; 
and if they are supported by brackets to the bulkhead, the vibration is likely to slacken the fittings and 
cause leakage of oil into the pump room. 

Mr. Brown raises a very important point when he mentions that if the heating coils in the fuel tanks 
are too close to the shell of a vessel, the shell may be heated sutticiently to cause blisters in the paint, and 
so a centre for corrosion may be set up. Could Mr. Brown say whether this effect is more noticeable 
when the spiral type of heating coils fitted round the oil fuel suctions are employed as compared with the 
zigzag arrangement of coils fitted over the bottom of the tank ? 

Any further remarks on this subject will be appreciated. 


Mr. M. M. Parker. 


In a case which has recently come before my notice the steering chain had parted due to heavy 
weather, and on examination of the rods it was found that they too had been so strained that the pins in 
their connections, in spite of having been a good close fit, had been bent. 

Now, in dealing with the repairs the steering chains were overhauled and passed through the fire, 
being brought to a dull red heat therein, and then allowed to cool in air on the floor of the shop. 

In the first place, I want to ask Mr. Brown if he considers that such treatment as this really anneals 
the chains or whether slower cooling under ashes or cinders is necessary for completely eliminating internal 
stresses ? 

Secondly, is it not an illogical proceeding carefully to anneal the steering chains and to leave the rod 
connections alone ? I think I should be right in saying that this is what usually happens. 


Mr. A. Ewrne. 


_ Mr. Brown has given us a valuable paper on a subject which is of ever-growing importance as marine 

engineering progresses. 

We can all endorse the bulk of the remarks, especially those on et a pumps. The advice to refrain 
from expensive repairs to badly corroded water ends could be taken to heart profitably in some quarters. 

There is one statement with which I personally cannot agree. The author states that water is, in 
his opinion, the best extinguisher of oil fires. He claims that flooding will reduce the temperature below 
ignition point. Water is not a good conduc/or of heat, and can only efficiently carry off heat by convection. 
In the case of oil fires, the fire will float on the surface of the water, and convection currents are not 
induced even though the water at the surface may be up to boiling point. 

With the inferno of Tokyo Bay ablaze with floating oil fires fresh in my memory, I am sure 
Mr. Brown will forgive me for having very pronounced views on this point. 


Mr. R. 8. Jonson. 
Mr. Brown has referred to the multiplication of auxiliary machinery equipment due to the intro- 
duction of geared turbines and Diesel engines. Apart from the particular necessity for added auxiliaries 
in the case of these special installations there has, in recent years, been considerable increase in the number 
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of pumps required by the Board of Trade Safety Regulations for passenger ships. These items add 
to the cost of a ship, and in view of the fact that it is impracticable to fit permanent appliances 
which could deal successfully with the water which would enter through any aperture resulting from 
accident, the requirements appear somewhat severe. For instance, in ships over 300 feet in Jength two 
power bilge pumps, independent of the main engine, must be fitted, and where the criterion of service 
numeral exceeds 30, a further additional independent bilge pump is required. 

It is consoling to note, however, that ballast, fire and sanitary pumps will be accepted as independent 
power pumps if suitably arranged in the ship. 

In all cases where two or more independent power pumps are required one is to be placed at the 
highest convenient level and, if possible, in a separate compartment from the other pumps. This pump is 
to be available at all times, and the power unit for the pump must be situated above the bulkhead deck. 

Difficulties arise in large ships, in tlis instance due to considerations of the maximum lift obtainable 
with the usual type of ship’s pump, and in some cases submersible pumps have been fitted. 

This type of pump is not referred to by the author in his paper, and it would be useful if he could 
give some information on this point. 


_ Mr. A. H. Boye. 


I should like to express my appreciation of the paper by Mr. Brown. 

The author has touched on some points which have become of paramount importance with the advent 
of the steam turbine, watertube boiler, and Diesel engine. I think that his remarks with regard to the 
condenser are of the utmost importance, especially in a vessel fitted with steam turbines, but I should like 
to hear his views on the possibility of improving the condenser so far as the chance of contaminating the 
feed water is concerned, which, in a vessel fitted with watertube boilers, is of the first importance. 

There is a system in vogue in the Royal Navy for testing the condenser when a leak is suspected, 
which is a great improvement on the old and clumsy method of filling the steam side with water and 
emptying the water side. 

The system, briefly, is to isolate the condenser, put a small air pressure in the steam side, and to leave 
the water in the ends, of course closing inlet and discharge valves. By removing small doors at the top 
of the water ends and lowering a watertight electric lamp, the slightest leak can be detected by the bubbles 
of air. 

Probably an average merchant ship would not have the facilities for testing in this way, but when a 
vessel is so fitted, the whole operation can be carried out at sea ina very short space of time, and the defect 
made good before any damage could be done to the boilers. 

The author has given us a very comprehensive account of the various auxiliaries met with in the 
engine room of a modern vessel, and his parallel to the proverb of the pence and pounds is interesting, and 
we might even go so far as to say that as the smartness of a ship can be judged by her boats, so the 
efficiency of an engine room can be judged by its auxiliaries. 


THE PRESIDENT. 


The author’s reference to condensers forming part of the sole plate of steam engines recalls an early 
experience of the difficulty in adjusting the level of the main bearings in order to obtain alignment of the 
crank shaft when the engine was at working temperature. In the type of engine referred to it was the 
practice while the engines were cooled down to set the bearing adjacent to the eduction pie considerably 
lower than the outer bearings. 

To a lesser extent there are similar objections to the use of cast iron condensers as part of the 
structure of the main engine. The adoption of separate condensers has led to better design and higher 
efficiency, but in the old box type of condenser greater efficiency could often be obtained by a judicious 
placing of deflecting baffles, in addition to that immediately under the eduction pipe. The author’s 
remarks regarding the position of auxiliary exhaust pipes cannot be overstressed, and, if it is not possible to 
fit these exhaust inlets above the main baffle plate, an effective baffle should be fitted inside the auxiliary 
branch, as, otherwise, the condenser tubes will be cut through by the incoming exhaust steam. 
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The use of steam ejectors for draining bilges is satisfactory in small or shallow draught vessels, and 
this fact has been recognised in the Rules of Lloyd’s Register, but these ejectors are not satisfactory where 
there is any considerable length of suction pipe. 

There are several reasons why cargo oil pumps are generally of the horizontal type, and the principal 
one is that, if they were fitted vertically, the pump would require to be stayed to the transverse bulkheads. 
The vibration of the pump would affect the riveting of the ulichends and thus increase the tendency to 
leakage at the seams, which is sufficiently difficult to avoid where these bulkheads have only their natural 
stresses to withstand. 

Another reason is that these pumps are usually very large, and they, therefore, can be more efficiently 
supported horizontally. 

The author advocates water as the oldest and best means for extinguishing oil fires, but I suggest that 
it should be used as a fire preventative by keeping all parts where leakage of oil may accumulate 
thoroughly cleansed by washing. 

I have no hesitation in stating that if the Rules of Lloyd’s Register for carrying and burning oil 
fuel are complied with, and reasonable care is exercised by the engineers and the crew, there would 
be little likelihood of a fire occurring on board ship. 

Although I do not agree with all Mr. Brown’s deductions I do thank him for his treatment of this 
vast subject, and assure him that I have found his paper of considerable interest. 


CORRESPONDENCE. 


Mr. L. C. Davis. 


Mr. Brown, in his paper, has covered a lot of ground, and with his several headings has created a 
famine in engineering subjects for subsequent authors. He has evidently given his theme a good deal of 
consideration, and has raised many interesting points for discussion. 

On page 4 the author refers to repairing wasted pump valve chambers, in all classes of pumps, by 
electric welding. A thoroughly sound repair can be effected by the process, but for circulating, ballast and 
other salt water pumps, it is nevertheless, one of the instances in which electric welding cannot be 
advantageously employed, except as a temporary measure. All the original deleterious conditions are 
maintained, with a new and particularly energetic one added in the shape of the metal deposited by the arc, 
which, apart from its chemical difference from the rest of the casting, is porous and prone to attack. 
Electric welding on the dry parts of a boiler or on the hull of a vessel, if thoroughly protected by paint, is 
permanent, but in contact with salt water it has a very short life. 

In the same paragraph the author refers to robust v. frail valves. Substantial brass castings are 
desiderata for pumps generally, but it is submitted that the valves are a notable exception, the inertia of 
heavy valves resulting in mutilated seats and destruction to themselves. 

Replace bilge valves and feed check valves are often absurdly heavy, the engineer thinking to improve 
upon the original design and get something really good, the result being badly worn and slack bilge valve 
seats and check valves hammering their way down into the bottom of valve jugs. 

It may also be mentioned here that non-return steam valves on contact feed heaters invariably shed 
their tails after they have accomplished their allotted number of clacks—which is in inverse proportion to 
their robustness. 

On the other hand, the lightest, form of valves employed, 7. ¢., the thin brass disc or multiple dise 
type, are particularly gentle on their seats and, when fitted with springs, silent in action, Wear is 
negligible except in the stud holes, but the perforations in the seats might with advantage be kept further 
clear of the central stud than is usual—with only a trifling sacrifice of area—in order to afford ample cover 
when the central holes of the valves become enlarged. Moreover, this type of valve is readily replaceable, 
and the spares always fit. 

Springs should always be fitted to thin disc valves, as without them they tend to float until the stream 
reverses, which hesitation, besides representing a loss of efficiency, results in a heavy “ water hammer” 
even at very slow speeds. 


Mr. Brown writes in favour of splitting up the components of oil fuel installations and mountifig the 
several paris separately upon the bulkheads. It might be well if such an arrangement could be opftagal* 
as it may be preferable in some cases. True, accessibility is worthy of more consideration than has been” 
shown on some oil fuel “units,” but there is still much to be said for a compact system built on one bed- 
plate and combined drip tray. The pipe connections are short and the possible sources of oil leakage are 
localised. Moreover, the endeavour should always be to make as few attachments as possible to an oiltight 
bulkhead. 

Steam turbines geared down to dynamos are employed in some vessels, but the excruciating noise 
emitted by these contrivances is, in the writer’s opinion, ample reason why they are not more generally used. 
In one vessel equipped throughout with turbines and gearing of this description for every purpose, it was 
not possible to hear the slightest sound from the telegraph gong even when standing close to it. 

A type of prime mover used for driving dynamos and other auxiliaries in which the necessity for 
adjustments are largely eliminated is an enclosed single acting steam engine fitted with a piston valve 
having considerable lead and inside lap. The bottom end bearing has white metal in the top half only, 
the lower half being a narrow steel keep, not in contact with the crankpin. These engines will run 
continuously and silently for many months. 

A fire extinguishing device is arranged in the cargo tanks of some tank steamers by utilising the 
heating and/or steaming out pipes and so securing the top flange of the down pipe from the deck fitting 
that, by slacking nuts or tapped bolts on deck and striking them with a hammer, the top joint is broken. 
Such an arrangement is shown in Fig. 1. 
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On page 11 the author states that “no parts of the pumps or valve chests should be as low as the 
platform level.” Such an arrangement is of course highly desirable, but unfortunately there is one very 
good reason why it can rarely be accomplished in dealing with the ballast system, namely, that unless all 
ballast pipes, valves and connections are kept below the light water line the tanks cannot be run up when 
the vessel is light. 

It might be mentioned that this consideration is the one objection to the movable inverted U bend 
as applied to double bottom tanks—that its additional height above the val\e boxes makes it necessary, in 
some cases, to fit such boxes below the platform level in order that the water may reach the bend when 
running up tanks, light ship. 
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Mr. A. CAMPBELL. 


I have read Mr. Brown’s contribution on Auxiliary Machinery with much interest, and the subject is 
well worthy of several papers. This is a branch of marine engineering which has become more com- 
plicated with the advent of the steam turbine and Diesel oil engines for propulsion, so that the seagoing 
engineer’s responsibilities in an up-to-date vessel have increased and he requires a much wider knowledge 
of engineering practice to be able to handle all the various appliances in the engine room. 

Mariy of the auxiliaries are installed presumably with the object of effecting economy in steam or oil 
consumption, but whether or not that object has been attained is for the shipowner to say; at any rate, they 
have certainly increased the work of the engine room staff. 

Condenser tube troubles seem to be more common now than formerly. The practice of reducing the 
size of the condenser and increasing the speed of the circulating water is, I think, the chief cause of 
corrosion or erosion in the tubes. A condenser tube which could be tied in a knit, as suggested by Mr. 
Brown, would, in my opinion, be much too soft and would probably collapse in the packing or sag between 
the supports. 

With reference to feed heaters we, as surveyors, are not interested in their mechanical ability to 
increa-e the temperature of the feed water. We merely have to satisfy ourselves that they are capable of 
withstanding the pressure for which they are intended. Our chief aim is safety, not economy. 

With regard to lead bilge pipes, they certainly have objectionable qualities, as stated by Mr. Brown ; 
so have other materials. Cast iron pipes, particularly bends, get furred up on the inside, causing obstructions 
and difficulty in clearing. I should much prefer galvanised iron or steel bilge pipes, but these soon rust 
out, and this is a consideration for the shipowner. 

The fitting of two simplex donkey pumps instead of one duplex pump is, in most cases, preferable 
but more costly, and in these hard times an owner wants a cheap ship, and the engine builder has to cater 
for the cheapest article. 

Mr. Brown has given us something approaching the ideal in auxiliaries but in nearly all cases he will 
find that primary cost is the chief consideration, and “something just as good” but cheaper is installed. 


REPLY BY THE AUTHOR. 


I thank you for your very kind reception, for the courteous hearing accorded this paper, and for 
the kindly expressed and constructive criticisms. 

Mr. Dorey’s objection to angle flanges for condensers, on the ground of flexibility, is easily got over 
by generous thickness on the standing flanges. 

‘The arguments in favour of the use of solid drawn steel pipes for boiler feed are appreciated, but 
those of copper are thought preferable, except, possibly, for extra large sizes. As evidence of this, one 
may refer to the Rules, which require tests of four times the working pressure for steel pipes as against 
two and-a-half times in the case of copper pipes. 

Copper is more easily worked, and, as there are usually a number of place bends in a feed range, 
this is a point of importance. Other points in favour of copper are its immunity from corrosion and 
the ease with which flanges can be attached. Cost is also on its side. 

Regarding Mr. Dorey’s question on the blistering of paint, and corrosive action under the blisters, I 
can assure members that, a by the condition of some quite new vessels I have seen, this point will 
attain some importance should means of prevention not be adopted. I have found the action equally on 
the external shell of Diesel and fuel oil bunkers. The heating coils are not, however, the only cause. 
Frequently the oil is pumped aboard at, far too high a temperature. In one extreme case I heard of, the 
fuel oil was pumped in at a temperature of 190 degrees Fahrenheit. It is understood that some of the 
paint specialists are endeavouring to make a composition that will definitely adhere to the shell under 
the adverse conditions mentioned. 

The answer to Mr. Dorey’s subsequent question on this point is ‘in the negative.” At the same time, 
the author does not favour the spiral coil at the suctions. A fitting of this nature is desirable, but the 
opinion of some engineers that it is desirable to provide a spiral coil of extensive proportions at such 


point, and omit the serpentine coils, is not concurred in. ‘'e be effective, considerable local heating 
would be necessary, and, as has been remarked, this is detrimental to the hull. 

Mr. Parker raises most interesting and practical points. Merely passing chains through a fire is not 
annealing. The effect will only be to burn off grease. The chains should be heated to a dull red—as 
seen in the dark—and cooled under ashes. 

The difficulty in regard to rods is that their length renders effective annealing almost impossible with 
the plant available in most repair yards. The only practical course with the rods is to examine them 
carefully. Should they show signs of strain then they should be renewed. Such is not an expensive 
business. 

In the case mentioned where the shackle pins were found bent I think very careful examination of 
the rods most desirable. 

Mr. Ewing’s views in regard to oi] fires are much appreciated. After his terrifying experience in 
Japan one can have no possibility of doubt as to the depth and value of his convictions. He is, however, 
dealing with a different kind of fire. A large quantity of oil floating on the surface of a harbour will, of 
course, burn until it is consumed. It would be futile to expect to put out such a fire by other means 
than smothering. A fire in an enclosed space is different, as the problem of reducing the temperature of 
a limited space is a practical proposition. A practical illustration came within the writer’s experience a 
few years ago when a serious fire broke out in the stokehold of a tank steamer. Chemical means were 
having no effect, and the fire had assumed grave proportions when the superintendent—who did not 
believe in water—adopted the expedient of flooding as a last hope. It was successful, and, whereas there 
seemed at one time a chance that the vessel would be lost, the only damage done was to some lagging and 
the paintwork. 

Of recent years the writer has had to deal with a large number of tank steamers owned by various 
companies, and has discussed this subject with the superintendents and personnel at all opportunities. All 
sorts of views have been expressed, but the consensus of opinion has been that, for stokehold and engine 
room fires, water is the best remedy. 

There is a point, however, on which opinion is unanimous, and that is that prevention is better than 
cure, and the possibility of a fire should be ever before the minds of all engaged in the building and 
equipment, of ships. 

Mr. Johnson raises the question of submersible pumps, and [ hope he will excuse me giving the same 
but brief treatment, as my experience of them is not extensive. 

At a works which at one time was in my district a very useful type of this class of pump was 
manufactured. The design was wonderfully simple and the construction robust, and I feel sure that the 
claims of great reliability and high efficiency were justifiable. In mining, these pumps are in great 
favour. There is the trifling complication that the motors are A.C., whereas the general practice abourd 
ship is the employment of D.C. 

The main features of a submersible pump are that the whole machine is totally enclosed, that the 
stator is sealed, and that the suction passage to the impeller is through the rotor core. 

One firm claim for their submersible pumps that with a 4-inch discharge the machine will deliver 
145 tons per hour against a head of 60 feet, so that there would seem to be but little doubt that such a 
machine would be quite useful as an emergency bilge pump for passenger vessels. 

Mr. Boyle is to be thanked for bringing forward a description of the very excellent system adopted 
in the Royal Navy for testing condensers. Perhaps he will agree with me that the system is too refined 
for general acceptance on merchant vessels, and even unnecessary except in cases of turbine vessels using 
watertube boilers. 

For original testing in the shops a pressure test of 30 lbs. per square inch is advisable, and, in 
subsequent tests afloat on the occasions of survey, a pressure test is desirable. The ordinary filling test 
may be adequate for triple expansion machinery and cylindrical boilers up to 180 lbs. pressure, but it 
requires to be carefully carried out. 

I have to thank our President for his kindly expressed remarks, and also for drawing attention to an 
omission in regard to the use of bilge ejectors. Although this device is, in my opinion, admirable in small 
vessels its application to large vessels is limited on account of the fact that successful working is not 
possible with long lengths of suction piping. 
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In regard to vertical cargo pumps I do not think the objections raised are always applicable. A 
good direct acting vertical pump requires no staying from bulkheads. The Admiralty oilers are fitted 
with vertical pumps, and all those which have come under my survey have given the utmost satisfaction. 
They are quiet in action, efficient in performance, and require the minimum of expenditure for upkeep. 

The interest taken in this paper by Glasgow colleagues is much appreciated. and I thank them for 
their constructive criticisms. However, I find myself in disagreement with Mr. Davis regarding the 
“famine.” That state of affairs will never arrive in engineering discussion, however near it we approach 
n engineering construction. 

I hope it will not be thought inconsistent of me to state that I entirely agree with Mr. Davis on the 
subject of electric welding repairs for salt water pumps. However, at the worst, electric welding is 
superior to the use of cement. At most, all repairs of the nature referred to are merely temporary, as 
a part replacement at an early date is indicated. 

Mr. Davis misunderstands me in assuming I advocate weight in valves. Such was far from my 
intention. A part of machinery can be sfrong and light; equally it can be weak and heavy. Metal 1s 
sometimes found where unnecessary, and saved where rigidity is requisite. I quite agree that disc valves 
are the best, but I was referring to other types which prevail. 

— platform level the possibility of lowering the platform exists equally with that of raising 
the chests. 

Mr. Campbell lays particular stress on first cost. We seem to have this always before us, but as to 
whether low first cost necessarily implies economy is another matter. 

Several colleagues have given the reason for fitting horizontal cargo pumps in tankers, viz., vibration 
in vertical pumps and the necessity of supporting them from oiltight bulkheads. Now, the cargo pump 
is most important, and, the earning capacity of the vessel being so dependent on its efficiency, owners will 
often be disposed to pay for a good article. If so, well designed direct acting vertical pumps can be had 
which will make the objections raised a negligible quantity. 

In conclusion, I would again express my thanks to all who have contributed to the discussion. 


SOME HISTORICAL RECORDS AND REMINISCENCES RELATING 
TO THE BRITISH NAVY AND MERCANTILE SHIPPING. 


By Cuas. H. JoRDAN. 


CONTRIBUTED JUNE, 1925. 


When the author was honoured by a request from the Secretary to contribute a paper to the Society’s 
Staff Association, it was his first intention that it should consist of his reminiscences of ships and ship- 
building extending over a period of about seventy years, but finding that he had in his possession some 
antecedent historical records, he was led to believe they might, if narrated, be of interest to the members. 
He has therefore included them in the paper. 


H.MS. “ VICTORY.” 


The vessel was designed by Sir Henry Peake, Master Shipwright,* under the direction of Sir Thomas 
Slade, Controller of the Navy, in 1759, and was built in the Royal Dockyard, Chatham. Her keel was 
laid on July 23, 1759, and she was launched on May 7th, 1765. 

In the Royal Naval College Museum, Greenwich, there are in a glass case, the moulds, or curves, 
used by Sir Henry Peake in designing the vessel. They were presented to the Museum in 1904 by 
Miss E. Peake, great granddaughter of Sir Henry Peake. 

The saw-pit where the vessel’s timbers were sawn by hand still exists in the “new plantation” at 
Burley, in the New Forest. 

The launching ways of the vessel were discovered in 1913, and a brass plate with an inscription on 
it now marks the place. 

The following are her dimensions :—Length on gun deck, 186 ft.; length of keel for tonnage, 
151 ft. 8% in.; breadth extreme, 51 ft. 10 in.; breadth moulded, 50 ft. 6 iu.; depth in hold, 
21 ft. 6 in.; burthen in tons, 2,162—22/94 tons. 

Her armament at Trafalgar consisted of the following :— 
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The first vessel named “ Victory,” of which any record appears in the annals of the British Navy, 
bore the flag of Admiral Sir John Hawkins in the conflict with the Spanish Armada. The immediate 
predecessor of the present “ Victory ” was a first-rate of the line of 110 guns, and was lost in a gale with 


* The title of “ Master Shipwright ” was changed to that of Chief Constructor in about 1876, and subsequently the 
Royal Corps of Naval Constructors was established. 
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all hands on October 8th, 1744, when conveying home Sir John Balchen, after successfully relieving 
Sir Charles Hardy, who had been blockaded in Lisbon. 

Although the present “ Victory” is popularly associated with Nelson’s triumph at Trafalgar, she 
had long before established a remarkable record of conflicts. She had carried the flags of Keppel and 
D’Orvilliers at Brest, of Howe at the relief of Gibraltar, of Hood at Toulon, of Hotham off Hyeres, and 
of St. Vincent in the famous fight of 1797. 

After being launched in 1765 she lay at her moorings at Chatham 13 years, and was not commis- 
sioned until 1778. The bottom of the vessel was sheathed with copper for the first time at Portsmouth 
in 1779. The practice of sheathing the bottoms of wood ships had been introduced in 1761, and the 
first vessel in the Navy that was so sheathed was the “ Alarm” frigate, the following account of which 
appeared in the “Gentleman’s Magazine,” November 9th, 1761:—‘*The sheathing of the “Alarm” 
frigate of 32 guns was finished this day. It is of copper, the first trial that ever was made of this kind 
of sheathing. It is very neat, not heavy, nor expensive. She is designed for the West Indies.” 

Admiral Keppel, who hoisted his flag in the “Victory” on June 12th, 1778, was the means, it is 
said, of a general order being issued that all ships in the Navy should have a copper sheathing. Copper 
fastenings in ships of the Royal Navy are said to have been introduced in 1783. 

The “Victory” was reconstructed at Chatham in 1798, when an upper deck was added, and the 
figure-head altered. She was again reconstructed in 1803, and on the 20th May in that year Nelson 
hoisted his flag in her. She was forty years old when she fought at Trafalgar. The following are extracts 
from “Remark Book” of Midshipman Roberts, of notes made by him on board the vessel before and 
after the battle :— 


Saturday, 19th October, 1805.—Employed getting up a thousand shot on deck, stowing awa 
chests, &c. Clearing for action. Sunday, 20th October.—Part of the enemy’s fleet anchored o 
Cadiz, the remaining nine sail did not anchor. At 4 p.m. the enemy put to sea again, steering 
N.E. Made sail and stood towards them. Jonday morning, 21st October.—At daylight saw the 
enemy’s fleet in line of battle lying to the leeward, distance 10 or 11 miles, consisting of 33 sail of 
the line, 5 frigates and 2 brigs. A very fine morning, but little wind. English fleet in two lines, 
consisting of 27 sail of the line, frigates, schooners and cutter. 

After the battle the “ Victory,” with Nelson’s body on board, and Captain Hardy in command, 
rode out the gale which sprung up as soon as the last shot had been fired. 

Tuesday, 22nd October—Employed knotting and splicing the fore and main rigging, &e. 
Wednesday, 23rd October —Employed clearing the wreck of the mizen mast. Carpenters employed 
stopping shot holes. “Polyphemus” took us in tow. Thursday, 24th October.— Employed setting 
up the fore rigging. Got up a jury fore top-mast, and a main topgallant yard for a fore topsail 
yard, and bent the mizen topsail for a fore topsail. Friday, 25th October—Heavy squalls. At 
5.10 carried away the main yard. Split the main topsail and main sail all to pieces. Cleared away 
the wreck. Saturday, 26th October.—Employed rigging the jury main yard, and fitting a main 
topsail yard. “Neptune” took usin tow. Bent the main sail. Sunday, 27th October.—Fleet in 
ee At 9.40 carried away the tow rope. Monday, 28th October.—Steering for Gibraltar. Anchored 
there at 7.0. 

5th December, 1805.—Found the following damage had been sustained :—The hull much 
damaged by shot in a number of places, particularly in the wales, strings and spirketing, and in 
some places between wind and water. Several beams, knees and riders shot through and broken. 
The starboard cathead shot away. ‘The rails and timbers of the head and stern cut by shot. 
Several of the ports damaged, and port timbers cut off. The channels and chain plates damaged 
by shot, and the falling of the mizen mast. The principal parts of the bulkheads, half-ports and 
port sashes thrown overboard in clearing the ship for action. The mizen mast shot away about 
9 ft. above the deck. The main mast shot through and sprung. The main yard gone. The main 
topmast shot in different places and reefed. ‘The main topsail yard shot away. The fore mast 
shot through in a number of places, and at present supported by a topmast, and a part of the 
topsail and cross-jack yards. The fore yard shot away. ‘The bowsprit, jibboom and cap shot, and 
the spritsail and spritsail topsail yards and flying jibboom gone. The fore and main tops damaged. 
The whole of the spare topmast yards shot in different places and converted into jury gear. The 
ship makes in bad weather 12 ins. of water in an hour. 

She had 57 killed in the battle, a larger number of killed than in any other ship of the fleet. 
She had 102 wounded, but the “ Bellerophon” had 123 and the “Colossus” 160 wounded. 
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The ship arrived at Spithead on the 4th December, 1805, with the body of Nelson on board, after 
a tedious voyage of nearly five weeks, and proceeded to Chatham, where the body, having been placed in 
a shell made from the mast of the ‘ Orient,” and enclosed in a leaden coffin and placed in another elegant 
coffin, was taken in the Commissioner’s yacht “Chatham” to Greenwich Hospital, where it was received 
by the Governor, Lord Hood. 

On Sunday, Monday and Tuesday, 5th, 6th and 7th January, 1806, the public were admitted, in 
vast crowds, to view the lying-in-state in the upper end of the Painted Hall of the Hospital. 

On Wednesday, 8th January, the body was taken in a procession of boats from Greenwich to 
Whitehall, and the funeral took place next day at St. Paul’s Cathedral. 

In the following year the “Victory” was refitted at Chatham, where she remained until 1808, when 
Sir James Saumarez took her as his flagship to the Baltic, Sweden having been threatened by an invasion 
by Russia. After that she went to Portugal as flagship to Rear-Admiral Sir J. 8. Yorke, and in 1812 
sailed for the last time as his flagship. 

In 1815, six admirals asked for her as their flagship, but, the war with France ending, she saw no 
more active service, and in 1825 was made flagship of Portsmouth Harbour. 

When arrangements were being made for the Naval Exhibition held at Chelsea in 1891, it was at 
first proposed that it should be held at Greenwich and that the “ Victory” should be brought round from 
Portsmouth to the Thames, but it was considered that the risk of towing the old ship round was too great 
to be incurred. A full-sized model of the vessel was therefore built at Chelsea, and every care taken that 
the interior parts which were shown should be as realistic and true as possible. so that visitors to the 
exhibition should have the opportunity of seeing what the vessel was like. The Admiralty gave the 
builders of the model, Messrs. Campbell, Smith & Co., every assistance to enable them to carry out the 
work. ‘The Engineer” published a reprint of a most interesting record of the history and construction 
of the vessel, compiled by the late Captain C. Orde Browne, R.E., Lecturer on Armour at the Royal 
Artillery Academy, Woolwich (a personal friend of the author), assisted by Mr. H. J. Webb, Assistant 
Constructor, H.M. Dockyard, Portsmouth. 

The author visited the vessel in Portsmouth Harbour on August 29th, 1898, and on that occasion 
made a sketch of her from the Gosport side of the harbour. From that sketch he has made several water 
colour drawings, one of which he has had the honour of presenting to the Committee of Lloyd’s Register 
of Shipping, others to the Institution of Naval Architects, the Royal Naval College Museum, Greenwich, 
and several friends. As he was desirous that readers of this paper should possess a copy, he has drawn one 
in black and white, so that photo-prints might be obtained from it and attached to this paper. 

On looking through his papers and drawings in November, 1923, on the arrival of his goods in Italy, 
where he now resides, he found a very old, and rather dilapidated, but very correctly made drawing of the 
sheer draught of the vessel, which had evidently been “ pricked off” the original, for on comparing it with 
the engraving of the sheer draught on Plate I of the paper read by Sir Philip Watts, K.C.B., before the 
Institution of Naval Architects, July 19th, 1905, it was found to agree therewith. The drawing must 
have been in the possession of the author very many years, as he cannot now call to mind from whom it 
was obtained. He has made a copy of it on a reduced scale, and has had the honour of presenting it to 
the Committee of Lloyd’s Register of Shipping. It is his intention to clean, repair and mount the old 
drawing, and have it framed for presentation to the Royal Naval College Museum, Greenwich. 

The vessel was placed in dry dock at Portsmouth on the 13th January, 1922, and the Admiralty 
decided in March following that, owing to the great cost which would be involved in refloating her, she 
should remain in the dock. As the cost of repairing her could not fall on the Navy Estimates, the 
Admiralty asked the Nautical Research Society to undertake the raising of afund forthe purpose. The late 
Admiral of the Fleet Sir F. Doveton Sturdee, Commander of the British Forces at the Battle of the 
Falkland Islands, and President of this Society, took a leading part in the undertaking. He reported to 
the Society on the 2nd July, 1924, that the vessel had been “saved for all time,” that up to date £78,000 
had been subscribed to the fund, and the interest on the sums deposited at the bank during the past two 
years had amounted to £2,500, which more than covered the expense of the collection, and the necessary 
repairs and alterations were in progress. 


GREENWICH HOSPITAL. 


This hospital was founded in 1694 by King William and Queen Mary for the relief of seamen of the 
Royal Navy. It was opened in 1705, when 52 seamen were placed upon the foundation. In 1738 the 
number had increased to 1,000, and in 1839 to 3,500. The hospital occupies the site of a palace named 
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Placentia, built by the Duke Humphrey. The palace was a favourite residence of Edward IV., Henry VIL., 
Henry VIII., Elizabeth and James. 

Admiral Sir Thomas Masterman Hardy, G.C.B., who was Nelson’s Flag Captain on board the 
“Victory” at Trafalgar, was made First Sea Lord and also Governor of the hospital in 1834. The 
following is related of him on page 227 of a book entitled “‘ Nelson’s Three Dorset Captains at Trafalgar,” 
by A. M. Broadley and R. G. Bartlett, M.A., published by Murray, 1906 :— 

“Tn the course of 1836 the new railway from Greenwich to London Bridge was opened. Lady 
Hardy made up a party for a trial trip, and the journey both ways was effected in twenty minutes. 
She adds that ‘none of the guests had ever travelled before in the new fashioned manner.’ Sir 
Thomas declined to go at any price, saying that it was a needless risk to run, and until his death, 
which occurred Sept. 30, 1839, when 70 years old, could never be persuaded to enter a railway 
carriage.” 

He Peacmiettoa: as Governor of the hospital, by Admiral the Hon. Sir Robert Stopford, G.C.B., 
G.C.M.G., who, in the 104-gun ship “Princess Charlotte,” commanded the British Fleet at the 
bombardment of Acre in 1840. He was assisted on that occasion by Rear-Admiral Sir Baldwin W. Walker, 
K.C.B., who afterwards became Controtler of the Navy, and by Commander Charles Napier, C.B., who, 
as Admiral Sir Charles Napier, was afterwards given command of the Baltic Fleet during the Crimean 
War. Sir Robert Stopford died at Greenwich Hospital on June 25, 1847. On the day of his funeral a 
battery of Royal Horse Artillery was brought from Woolwich and stationed on “One Tree Hill,” in 
Greenwich Park, and the author, who was then living with his parents in Greenwich, remembers hearing 
the minute guns fired on the occasion. 

In those days there were in the hospital, as already stated, considerably over 3,000 naval pensioners, 
many of whom had fought at Trafalgar, and several of them on board the “ Victory,” and many there 
were who had lost either arms or legs. Thomas Allen, butler and confidential servant to Lord Nelson, 
died in the hospital, November 23, 1838, aged 74. Henry Lewis Chevalier, his Lordship’s steward, a 
white-haired old man, was always pleased to see visitors, and to have a chat with them in his cabin in the 
“Victory” ward of the hospital, and the author on more than one occasion accompanied his father on 
visits to this veteran. John Lovell, who also, as a seaman, was with Nelson in a boat when he was shot in 
the right arm, in the attack on Santa Cruz, Teneriffe, July 24, 1797, and who bandaged the arm by 
tearing his own shirt into strips for the purpose, was a pensioner in the hospital, and died there in 1849. 
John Rome, the sailor who hoisted Nelson’s signal on the ‘* Victory ” at Trafalgar, died in the hospital, 
December 26, 1860. Lieut. John Pollard, as a midshipman not more than 16 years old, was on 
board the “ Victory’? when Nelson was mortally wounded by a bullet fired by one of the men in the 
mizzen top of the French ship “ Redoutable,” and along with Captain Adair of the Marines, and 
several seamen and marines, seized muskets and shot the whole of the men in the mizzen top of that 
ship. Mr. Pollard, who had the merit of having killed the man who had shot the Admiral, lived and 
died in the hospital. 

Daily at sunset, in the Forties, two old marines attired in the uniform of the Nelson period, marched 
round the centre quadrangle of the hospital playing a tattoo on drum and fife, and the author watched 
them on many occasions. At their decease the custom was discontinued. A caricature sketch of these 
men and of two of the pensioners was an illustration in the book, ‘‘ Nelson’s Three Dorset Captains at 
Trafalgar,” previously referred to. 

The coat, waistcoat and other garments worn by Lord Nelson when wounded on board the 
“Victory,” at Trafalgar, were purchased by order of H.R.H. the late Prince Albert from Mrs. Horatio 
Nelson Ward, the hero’s adopted daughter, for presentation to Greenwich Hospital, and they were 
deposited, together with a presentation sword of the Admiral’s, in a glass case at the upper end of the 
Painted Hall of the hospital. The coat was decorated with bullion epaulettes, and four jewelled orders, 
and the sword had a jewelled handle. Some years since, on a dull November afternoon, a thief is 
supposed to have hidden himself in the hall at closing time, for on the following morning it was 
discovered that the glass case had been broken, the jewels torn from the orders on the coat, and the 
jewelled handle of the sword broken off. 

In 1865, an Act of Parliament was passed by which arrangements were made for closing the 
Institution as a home for sailors of the Navy, and the buildings were closed. They remained empty until 
it was decided to make them the seat of a Royal Naval College, which was opened in October, 1870, when 
the South Kensington Royal School of Naval Architecture and Marine Engineering was transferred 
thereto. 
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THE ROYAL DOCKYARDS AT DEPTFORD AND WOOLWICH. 


These dockyards were established in the reign of Henry VIII. The “Great Harry” was launched 
from Woolwich dockyard in 1515, and at Deptford dockyard Peter the Great studied shipbuilding. The 
author first visited these dockyards with his father in 1852. They were then in full use as establishments 
for the building and equipping of wooden ships of war. The ships of our Navy and their guns up to that 
time were of the same type as those at Trafalgar, with exception of some vessels which were being fitted 
with auxiliary screw engines. Among the vessels then building were the “ Emerald” frigate at Deptford 
dockyard, and the ‘Royal Albert” line-of-battle ship at Woolwich dockyard. Convicts were then 
employed in the latter dockyard in carrying timber and planks. ‘They were chained together in gangs, 
and were berthed at night on board of hulks moored off the dockyard. When first visited by the author, 
the “ Royal Albert” was being planked, and the decks were not then laid. She had been ordered to be 
built in March, 1842. Her keel had been laid on August 26, 1842, this being the anniversary of Prince 
Albert’s birth. It is said that the town of Woolwich presented an unusual appearance of gaiety on the 
occasion. In the dockyard, the platforms on either side of the slipway were filled with ladies and 
gentlemen. The band of the Royal Marines was stationed on the west platform, and on the signal being 
given to raise the massive timbers of the keel, “ Rule Britannia” was played. The first timber having 
been placed in its position, its companion timber was hauled up, and, everything having been satisfactorily 
arranged by the master shipwright, Mr. Lang, and his assistants, Miss Collier, daughter of Sir Francis 
Collier, Governor of the dockyard was led forward to perform the ceremony of striking with a hammer 
the parts where the dowels and scarphs were fitted, the band playing at the time the National Anthem, 
and the air resounding with the cheers of those assembled. She was intended at first to be the largest 
sailing man-of-war afloat, but was lengthened about 24 ft. while building in 1852, in order to fit her as a 
screw ship-of-the-line. Her dimensions were then: length between perpendiculars 232 ft. 9 ins. ; 
length of keel for tonnage 193 ft. 6} ins.; breadth extreme 61 ft.; breadth for tonnage 60 ft. 2 ins. ; 
breadth moulded 59 ft. 4 ins.; depth of hold 24 ft. 2 ins. Tonnage (B.M.) 3726-4/94 tons. Her 
engines were made by Messrs. John Penn & Son, of Greenwich, on their patent horizontal trunk 
principle, and were of 500 N.H.P., and 1805 I.H.P. Her armament was intended at first to consist 
of 131 guns, but was afterwards reduced to 121 guns. Her draught when fully rigged and equipped 
was 24 ft. 8 ins. forward, and 27 ft. 4 ins. aft, and her displacement 5,637 tons. She was launched on 
the 13th May, 1854, with great ceremony by her late Majesty Queen Victoria, who, accompanied by 
H.R.H. the late Prince Albert, proceeded in a semi-state carriage from London through Greenwich to 
Woolwich dockyard. The author was taken by his father to the dockyard to see the launch. 


In the autumn following, during the Crimean War, the vessel was commissioned by Captain 
Sir Thomas Pasley, and with a complement of 1,000 men, proceeded to the Black Sea as flag-ship of 
the squadron, commanded by Rear-Admiral Sir Edmund Lyons, Bt., G.C.B., to bombard Sebastopol. 
After the fall of Sebastopol she headed the fleet at the bombardment and destruction of Kinburn on 
the 14th October, 1855. She served, after her Mediterranean commission, as flag-ship of the Channel 
Squadron. This was her last service, and in 1884, having disappeared from the Navy List, she was 
berthed in the spring of that year off Castle’s Shipbreaking Yard, Charlton, to be broken up. 


The figure-head of the vessel is now in Portsmouth Dockyard, and the mallet and chisel used by 
H.M. Queen Victoria in launching her, are in the Portsmouth Museum. 


The author presented to the Royal Naval College Museum, Greenwich, in 1923, a framed coloured 
lithograph picture of the launch of the vessel, and framed photographs of her taken by his brother-in-law, 
Mr. Arthur Young, of Lloyd’s, when she was lying alongside Castle’s Shipbreaking Yard, to be broken 
up, in 1884. 

The author is indebted to Mr. J. H. Narbeth, C.B.E., M.V.O., late Director of Warship Production, 
of the Naval Construction Department of the Admiralty, for having kindly obtained for him copies of the 
official drawings of the vessel, from which a drawing of the sheer draught, has been made. 


When visiting Deptford Dockyard in 1852, the author saw the 50 gun wooden frigate “ Emerald,” 
along with other wooden vessels of war, then building in that yard. She was commenced to be built on 
the 4th June, 1849, as a sailing frigate, but was converted to an auxiliary screw frigate in 1854. 

On the 19th July, 1856, the author, when a shipwright apprentice in the shipbuilding yard of 
Messrs. J. Scott Russell & Co., Millwall, was on board, and waiting to be launched in the iron screw 
steam yacht “ Undine,” built there for the then Marquis of Stafford, when the frigate ‘“ Emerald” was 
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launched from Deptford Dockyard immediately opposite. She presented a beautiful picture, with the 
Royal Standard and other flags flying from poles in the position of her masts, and with her painted line 
of ports. 


There is a pretty model of her bows and figure-head among the models in the Society’s office in 
Fenchurch Street. : 


THE BRITISH NAVY. 


The typical wooden battleship and its armament at the beginning of Queen Victoria’s reign (1837) 
were still in all essentials identical with the ships which had fought at Trafalgar. Wooden battleships 
with some improvements continued to be built for over twenty years after the above time, although the 
war with Russia in 1854 had taught the lesson that they were of no use against shell fire, nor suited 
to battles with modern guns. 


When it became necessary to build warships of iron instead of wood, some time elapsed before this 
could be carried out, as the country possessed a number of fine wooden ships which could not be thrown 
away. Some of these were therefore altered, and armour-plated. At the same time, however, wooden 
vessels continued to be built. In 1860, although the iron armour-clad frigate “ Warrior” was then under 
construction, several wooden two and three-decked (screw) ships were ordered to be laid down, and 
nearly a million sterling was voted by Parliament for replenishing the stocks of timber in the dockyards. 
Wooden ships clad with armour continued to be built, or armour was attached to existing wooden hulls 
from 1859 to 1866. Great difficulty, however, was then being experienced in procuring suitable oak 
timber for the building of warships, so scanty had the supply become. When it is considered that 
3.000 loads of timber were used in the building of a 74-gun ship, the produce of a century’s growth 
of 57 acres, it will be realised what vast quantities of timber were required in the building of a fleet 
consisting of wooden ships. 


On the Ist January, 1854, just before the declaration of war with Russia, the Navy list gave 
particulars of 301 sailing ships carrying 11,397 guns, 77 screw ships carrying 3,328 guns, and 113 paddle 
steamers carrying 518 guns. There were also building 14 sailing ships and 21 steamers to carry 
respectively 1,092 and 1,038 guns. The paddle steamers carried a relatively small number of guns, not 
above 5 each on an average, they being employed to a considerable extent as transports and dispatch boats. 


The Royal Dockyards were at that time fully employed in building wooden men-of-war, and many 
wooden ships were also being built for the uavy in private shipbuilding yards. For instance, while the 
author was serving his apprenticeship in the Shipbuilding and Engineering Works of Messrs. J. Scott 
Russell & Co., in 1855, there were building and completing by that firm the following wooden vessels for 
the Royal Navy: “ Esk” corvette (one of the vessels of the flying squadron sent to the Baltic at the 
commencement of the ussian war), ‘ Etna” armour plated floating battery, “ Nimrod” and “ Roebuck ” 
dispatch gun vessels, ‘* Eclipse” and “ Lily,” large gun-boats, and “Snipe” and “Sparrow” smaller 
gun-boats. 

All the vessels of the British fleet which first passed through the Bosphorus were built of wood, a 
few of them being fitted with screw or paddle engines. 


The British fleet which was sent to the Baltic with the intention of bombarding Cronstadt, consisted 
of the following wooden vessels :—eight screw line-of-battle ships, four screw frigates, four paddle 
steamers, and a screw frigate which had been converted into a floating workshop by Mr. Nasmyth for 
effecting repairs to the fleet. The fleet was commanded by Admiral Sir Charles Napier, K.C.B., who was 
then sixty-eight years old. His flag-ship was the “Duke of Wellington,” a wooden screw three-decker 
of 131 guns, built at Pembroke. Her dimensions were:—length between perpendiculars 240 feet 
6 inches, extreme breadth 60 feet. Tonnage 3,759 tons. Engines 700 N.H.P., and she carried a 
complement of 1,120 men. 


The fleet sailed from Spithead on the 11th March, 1854, and its departure was witnessed by Her 
Majesty (Queen Victoria, who came from Osborne in the “Fairy” Steam Yacht, and received the principal 
otticers on board the yacht, and bade them farewell. 


On Sir Charles Napier receiving information from the Admiralty that war had been declared, he 


issued an address to his fleet, concluding with the words :—* Lads, sharpen your cutlasses and the day is 
your own,” which the author remembers quite well. 
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The expedition partook of the nature of a voyage of discovery, or at least of exploration, for the 
Russians having removed the buoys and beacons which marked the proper channels, the navigation of the 
fleet was rendered extremely hazardous. Beside which it was stated that the fleet had not been provided 
with sufficient aid from charts and pilotage. 

During the whole of the month of May Sir Charles Napier, with the principal portion of his fleet, 
remained in the region between Gothland and Hango. In June his fleet was joined by the French fleet 
in the Gulf of Bothnia, and in the third week of that month there were anchored in Baro Sound at one 
time 51 ships of war, comprising 28 ships-of-the-line, 5 first-class frigates, and 18 steamers, carrying about 
2,700 guns of large calibre and nearly 30,000 seamen and marines. 

In the last week of June the Allied Admirals resolved on an advance up to the Gulf of Finland 
towards Cronstadt. When within ten miles of the fortifications « reconnaissance was made by some naval 
officers, when it was judged that the place, being so strongly fortified, could not be taken by a naval attack 
with wooden ships of war, and thereupon the fleets returned early in July to Baro Sound. 

Attention was then directed to the fortifications of Bomarsund commanding the Aland Islands at the 
entrances to the Gulfs of Finland and Bothnia. The place was attacked by the allies in the first week in 
August, and taken on the 16th of that month. But the Aland Islands were afterwards left to be re-occupied 
by the Russians. Beyond this and a few minor successes, nothing was gained by the operations which had 
called into use a larger fleet than had ever before entered the Baltic. The failure of the expedition may 
possibly have been largely due to the deficiency in vessels of light draught. Gunboats could have rendered 
more service than the ponderous ships of war. 

The last month of the year witnessed the departure of the fleet for England, and Sir Charles Napier 
landed at Portsmouth on the 18th December, 1854. 

In 1855, eight armour plated floating batteries with sloping sides were built by private shipbuilding 
firms on the Thames, five being of wood and three of iron ; ize of wood were of 1,500 tons and those of 
iron 1,900 tons each. The armour plating which was attached to their sides was 4 ins. thick. They each 
carried on the main deck sixteen 68 pounder, cast iron, smooth bore, muzzle loading guns of 95 ewts. 
each. They were fitted with screw engines of 200 N.H.P., and were intended to be used for bombarding 
Sebastopol. One of these vessels, the “ Etna,” was built by J. Scott Russell & Co., Millwall. She was of 
wood, and the night before she was to be launched she was treacherously set on fire and launched herself 
in flames at low water into the mud on the river bank, and was so badly damaged by fire as to be 
irreparable, and was broken up. 

There were also built on the Thames, at the same time, and for the same purpose, a number of iron 
mortar floats of 100 tons each. Twenty of these were built by C. J. Mare, Blackwall, and thirteen by 
J. Scott Russell & Co., Millwall. They were fitted amidship with octagonal wells built of teak for 
housing the mortars. The author remembers planing the deck of one of these vessels. The war with 
Russia ended in March, 1856. 

It was not until 1840 that the Navy List included an iron war steamer of any sort. In that year 
the Admiralty acquired three small iron paddle wheel gunboats. In 1845 the iron screw steam yacht 
named “ Fairy” was built for the use of H.M. Queen Victoria, by Ditchburn & Mare, at Blackwall, who 
had started shipbuilding there in 1836. The dimensions of the yacht were :—length 144 ft. 8 ins., 
breadth 21 ft. 15 ins., depth 9 ft. 10 ins. Tonnage 312 tons. She was fitted with vertical oscillating 
engines of 128 N.H.P. and 416 I.H.P. by John Penn & Son, of Greenwich. The hull of the yacht was 
extensively repaired in Portsmouth Dockyard and her machinery refitted in 1850. 

The first iron war vessel built for the Navy was the gun brig “ Recruit,” built by Ditchburn & Mare, 
at Blackwall, in 1846. In that year these builders dissolved partnership, and the iron screw steamer 
“Vulcan” was built for the Navy by Mr. Mare (C. J. Mare) in his new yard, Orchard Yard, Blackwall. 
Her dimensions were: length 220 ft., breadth 41 ft. 5in., depth 26 ft. 10 in., tonnage 1766 tons. Her 
engines were of 350 N.H.P. by Rennie. She was commenced as an iron frigate but was completed as a 
transport. She was eventually sold out of the Service and converted into a sailing ship, and named 
“ Jarawur,” and was frequently seen by the author. 

The iron screw steamer “ Himalaya” was built in the above yard at Blackwall, by C. J. Mare, for the 
P. and 0. Company, and was launched on the 24th May, 1853. Her dimensions were : length 340 ft., 
breadth 46 ft. 2 in., depth of hold 24 ft. 9 in., tonnage 3,550 tons. She was fitted with engines of 700 N.H.P 
by John Penn and Son, Greenwich, on their patent horizontal trunk principle. In July, 1854, when the 
country was at War with Russia, the vessel—then the largest steamship afloat—was purchased by the 
Admiralty from the P. and 0. Company for the conveyance of troops to the Crimea. She performed 
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excellent service during the war in providing a quick and easy passage for horses as well as men, and was 
afterwards continuously employed as an Imperial troop-ship. In 1866 she was placed in dry dock in the 
Royal Dockyard at Devonport, when the bottom of the vessel was practically renewed, and the author 
visited her on that occasion. At the same time her engines were replaced by others made at the Royal 
Keyham Factory, Devonport. She was paid off in September, 1894, and was placed in the E. Division 
of the Dockyard reserves, thus practically removing her from the effective list of the Navy, she being then 
41 years old, and by far the oldest iron vessel on the effective list. 

The author has in his possession one of the invitation cards to the launch of the vessel. 
He has also a copy of her specification, which contains some interesting particulars of the scantlings 
adopted in the building of such a vessel in the early days of iron shipbuilding. For instance, 
the keel bar was 10 ins. by 5 ins., with a rabbet on each side, 2 inches from the lower edge, to receive 
the garboard strake plates. The garboard strake plates were 1 +, ins., the bottom plates +3 ins. to 
11 ins., wales +2 ins., topsides 45, ins., and the other strakes + ins. thick amidships. 


SHIPBUILDING AND ENGINEERING ON THE THAMES. 


Probably the first iron shipbuilder on the Thames was Mr. (afterwards Sir) William Fairbairn, who 
in 1833 established an iron shipbuilding yard at Millwall, which yard afterwards formed part of the 
shipbuilding works of Messrs. J. Scott Russell & Co. 

The builder of the * Himalaya” —Charles John Mare—was one of the principal pioneers of iron 
shipbuilding, and was the builder of a very large number of vessels, including over fifty for the British 
Navy, several for the P. & O., Royal Mail, and General Steam Navigation Companies, beside a large 
number of steamboats for the Waterman and Citizen Steamboat Companies. On dissolving partnership 
with Mr. Ditchburn in 1844, Mr. Mare laid down on the Essex side of Bow Creek, steam plant for rolling 
mills, steam hammers, and foundries, and commenced rolling plates and bars from “ London scrap iron.” 
Tt was here that the Britannia tubular bridge, the Albert bridge, and the Westminster bridge were 
made These works, together with the shipbuilding yard on the Blackwall side of Bow Creek—Orchard 
Yard--became in 1856, on the insolvency of Mr. Mare, the Thames Iron Works and Shipbuilding 

| Company Limited. Mr. Mare a few years afterwards promoted the Millwall Iron Works and 
Shipbuilding Company, Limited. These works were on the site previously occupied by the shipbuilding 
and engineering establishment of Messrs. J. Scott Russell & Co.; and the ironclad frigate 
“ Northumberland” was built there for the British Government in 1861 by the Millwall Company, under 
the inspection of Mr. W. &. Baskcomb, Admiralty Overseer, assisted by Mr. Williamson (afterwards 
Sir James Williamson, C.B., Director of Dockyards), intimate friends of the author. The Millwall Company, 
however, was not successful and in a few years it became insolvent, when Mr. Mare withdrew from the firm, 
and ceased to take any further part in shipbuilding. He died at Brooklands, Cheshire, February 8, 1919, 
aged 83. He was beloved for his generosity by all who knew him. There is a monument erected to 
his memory, in the West !iam Technical Schools, Romford Road, Stratford, Essex. 

In the early fifties there were on the Thames and fully employed, the following shipbuilding yards, 
namely :—The Government dockyards at Deptford and Woolwich ; J. Scott Russell & Co., Millwall; 
C. J. Mare & Co., Blackwall; J. & H. Green, Blackwall ; Money Wigram & Sons, Blackwall ; 
J. A. Samuda, Isle of Dogs; Westwood, Baillie, Campbell & Co., Isle of Dogs; Charles Langley, 
Deptford, in whose yard Mr. H. J. Cornish served his apprenticeship; W. Joyce & Co., Greenwich ; 
| Fletcher, Son & Fearnell, Limehouse; Bilbie & Co., Rotherhithe; Lewis & Stockwell, Bow Creek ; 
F. Dadd, Woolwich, and William Pitcher, Northfleet. ,Later there were: A. Yarrow & Co., Isle of 

Dogs; J. and W. Dudgeon, Cubitt Town; James Ash, Cubitt Town; John Hepworth, Cubitt Town ; 
J. Thornycroft, Chiswick ; Edwards & Symes, Millwall ; J. & W. Robertson, Canning Town; J. Watson, 
Blackwall, and Maudslay, Sons & Field, Hast Greenwich. 
| There were also the following engiueering establishments, namely :—John Penn & Son, Greenwich 
and Deptford; Humphrevs & Tennant, Deptford; Maudslay, Sons & Field, Lambeth; J. Scott 
t Russell & Co., Millwall; G. & J. Rennie, Blackfriars; Ravenhill, Salkeld & Co., Blackwall ; 
Seaward & Co., Millwall; General Steam Navigation Co., Deptford; W. Joyce & Co., Greenwich ; 
W. Beale, Hast Greenwich, and J. Stewart, Isle of Dogs. Late there were J. & W. Dudgeon, 


} Millwall; A. Yarrow & Co., Isle of Dogs, and J. Thornycroft, Chiswick. 
At the termination of the Russian War in 1856, labour difficulties arose in the shipbuilding and 
engineering industries on the Thames. Orders decreased, and the abnormally high wages paid during 
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the war ‘could not be maintained, and what few contracts were to be had could not be undertaken. 
The above firms with few exceptions, closed down, and great distress in the labour community ensued. 
The Government dockyards at Deptford and Woolwich were closed in 1869, the former being 
converted into a Metropolitan cattle market, and the latter used for military stores. 

There are now very few shipbuilding and engineering firms on the Thames. 


“GREAT EASTERN” STEAMSHIP. 


The largest vessels built on the Thames were the iron paddle-wheel and screw steamer, ‘“ Great 
Eastern,” built by J. Scott Russell & Co., at Millwall, on the north bank, and the iron screw steamer, 
“ Legislator,” built by Maudslay, Son & Field, at Hast Greenwich, on the south bank of the river. 
The “Great Eastern” was commenced to be built May 1, 1854, and was floated January 31, 1859. 
The “ Legislator” was built for Messrs. T. and J. Harrison of Liverpool, under special survey by the 
Author for classification in the Underwriters’ Registry for Iron Vessels and was launched 
October 19, 1872. 

As the Author commenced his apprenticeship of five years in the shipbuilding and engineering 
works of Messrs. J. Scott Russell & Co., on the 13th November, 1855, he was present during the greater 
part of the time occupied in the building of the “Great Eastern.” He assisted in preparing and fixing 
the deck planking of her main deck, and in various other wood-work fittings. He also worked in the 
drawing office on her plans, and took part in the attempt to launch her on the 3rd Nov. 1857. 

She was designed to make the voyage to Australia and back without coaling anywhere en route, the 
coal bunkers being of sufficient capacity to contain the quantity of coal required. But it is remarkable 
she was never placed on that voyage. 

Mr. I. K. Brunel, at the time Engineer to the Great Western Railway Company, communicated to 
Mr. J. Scott Russell the idea that such a vessel should be built, and also convinced the directors of the 
Eastern Steam Navigation Co. of the soundness of his proposal. The directors decided that the vessel 
should be built for their Company by Messrs. J. Scott Russell & Co. It was Mr. Brunel’s idea that she 
should be built on the cellular system which he had adopted in the structure of the Menai bridge. This 
system was therefore combined with the longitudinal system of framing previously adopted by Mr. Scott 
Russell in other vessels he had built, and he was also responsible for the dimensions and lines of the 
vessel. It was Mr. Brunel’s idea that she should be fitted with both paddle-wheel and screw propeller 
engines, as at that time there did not appear to be sufficient confidence in the method of screw 
propulsion. 

The dimensions, etc., of the vessel were: Length between perpendiculars 680 ft., length on upper 
deck 692 ft., breadth 82 ft. 6 in., breadth over paddle-boxes 118 ft., depth 58 ft., tonnage B.M. 22,927 
tons, displacement at 30 ft. draught 27,085 tons, weight of iron hull 8,000 tons, capacity of coal bunkers 
12,000 tons. The paddle engines were made by J. Scott Russell & Co., and were of 1,000 N.H.P. and 
3,000 I.H.P. The screw engines were made by J. Watt & Co., Birmingham, and were of 1,600 N.H.P. 
and 4,500 I.H.P., weight of paddle engines and boilers 1,250 tons, weight of screw engines and boilers 
1,500 tons. Diameter of paddle wheels 56 ft. Diameter of screw propeller 24 ft. Speed on trial 15 
knots. The plating of the hull was } in. thick, and the (flat) keel plates 1 in. thick. She was fitted 
with McFarlane Gray’s steam steering gear, had ten anchors and carried twenty boats. ‘The Author has 
a small scale model of her which he made during his apprenticeship. She was for many years the largest 
vessel in the world. The White Star liner “ Oceanic,” built in 1889, was the first vessel to exceed her in 
length, being 705 ft. in length, 68 ft. in breadth, and 49} ft. in depth. 

Each summer while the vessel was building, the river passenger steamboats. that were then running 
on the Thames, were crowded with people anxious to see the great ship, and as she was approached the 
steamboats frequently heeled over to a dangerous extent owing to the passengers crowding to the shore 
side. The steamboat Companies issued the following advertisements at the time :—‘* The Greenwich and 
Woolwich Steamboats leave Hungerford Bridge and all the intermediate piers every 20 minutes 
throughout the day. Passengers by these boats have an excellent opportunity of viewing the great ship. 
Fares 4d. and 6d.” There were many rivet boys killed during the building of the vessel, by falling from 
planks laid on the deck beams, while running with the heated rivets to the riveters. 

The vessel was built broadside to the river. Two launching ways were constructed for launching 
her, each about 80 ft. in width, and about 140 ft. apart, laid at an inclination of about 1 in 12. They 
had railway bars, of the same section as those used on the permanent way of the Great Western broad- 
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gauge railway, screwed on them, 8 inches apart, with their surfaces coated with black lead. The under 
side of the launching cradles were shod with rolled iron plate bars 7 inches wide by 1 inch thick, 12 inches 
apart, and fixed at right angles to the bars on the launching ways. The use of two iron surfaces in 
contact, and the consequent friction between them, due to the weight of the vessel, did not appear to have 
been sufficiently reckoned with by Mr. Brunel, nor did he appear to have forseen the impossibility of the 
vessel proceeding down each of the two ways, in launching, at identically the same speed; and that the 
inequality that was sure to occur, would cause the vessel to proceed down the ways, on the cradles, in an 
oblique direction, and possibly produce failure in launching. It was anticipated by Mr. Brunel that the 
speed in launching would be too great, and he therefore had two large drums made 64 ft. in diameter and 
20 ft. in length, one of each being erected on bearings opposite each cradle. A large cast iron pulley, 
weighing 5 tons, was attached to each cradle,and through each of these was rove one of the ship’s wrought 
iron chain cables, made by Brown, Lenox & Co. One end of each cable was anchored in the ground, and 
the other end of it wound round one of the drums. The drums were each fitted with two powerful brakes, 
acted upon by long levers and holding down tackles thereto. A squad of men was stationed to each lever 
on the day of launching, in readiness to apply the brakes if ordered to do so. Two sets of multiple gear- 
ing with winch handles for hauling in the slack of the chain cables were fitted to each drum. To start 
the vessel two hydraulic rams were used, one being placed against each cradle. One of the rams had a 
diameter of 10 ins. with a pressure of 100 tons, and the other a diameter of 12 ins. with a pressure of 150 
tons. Attached to each end of the vessel was a large coir hawser carried out and passed round a block 
fitted on a lighter moored in the river, and brought back to the shore to a stationary winch engine for 
hauling it, in order to help in starting the vessel if found necessary. A platform was erected at each of 
the aforesaid drums for the use of those in control of the launching operations, Mr. Hepworth, the ship- 
yard manager, being in control at the forward platform, and Mr. Dixon, the manager of the engineering 
department, in control at the after platform. The Author was instructed to attend at the after platform, 
and carry orders that might be given him by Mr. Dixon, to the engineer in charge of the winch engine 
at the after end of the vessel. 

The launch having been arranged to take place on the 3rd November, 1857, a very large number of 
people assembled to witness it. The vessel was christened by Miss Hope, daughter of the Chairman of 
the Great Eastern Steamship Company, the ceremony taking place on a platform at the bows of the 
vessel, amid a large gathering of ladies and gentlemen. Some minutes elapsed, after the dog-shores had 
been knocked down, before there was any movement, but suddenly the vessel slid down on her forward 
cradle a distance of about 6 ft., the after cradle remaining stationary. The Author was then told b 
Mr. Dixon to run and order the engineer in charge of the after winch engine to go “full speed ahead,” 
and had nearly returned to his post at the after drum platform, when the vessel suddenly slid down on 
her after cradle a distance of about 15 ft. with a grinding roar. This caused the chain cable attached 
to the after cradle to revolve the drum, and to send the winch handles of the multiple gearing flying 
round at a great rate. Unfortunately one of these handles had not been unshipped, or thrown out of 
gear, as it should have been, and the men who had been winding in the slack of the chain cable were 
still holding on to the handle. The consequence was they were struck and hurled into the air and 
seriously injured, and one of them killed. It was absolutely impossible for the revolving of the drum to 
have been checked by using the handles of the multiple gearing, and it was never intended that this 
should be attempted, the brakes with their levers having been provided for this purpose. The accident 
caused a painful scene, and further attempts at launching the vessel that day were suspended. It was 
found that the iron plate bars with which the under sides of the cradles were shod, had bit into the 
rounded tops of the railway bars on the launching ways. The Author’s account of the attempted launch 
of the vessel, and the accident that occurred, as stated above, has been confirmed by Sir Bradford Leslie, 
who was one of Mr. Brunel’s assistants at the launching operations. 

After several other ineffectual attempts had been made to launch the vessel, 21 hydraulic rams, 
made by Messrs. James Tangye & Brothers, of Birmingham, were placed in position, 11 of them against 
the after, and two against the forward cradle. Among them was one of the two used in raising the 
Britannia bridge, probably the largest ever made. 

On the 6,7 and 14 January, 1858, the vessel was gradually pushed down the ways to the full 
extent she was required to go before being floated, which took place on Sunday afternoon, January 31, 
1858. The event caused great excitement on the river, which was crowded in the vicinity with all kinds 
of craft. The steamboats as they passed were laden with passengers, and the banks on each side of the 
river lined with people. The vessel was towed and made fast to moorings off Deptford. The Marquis 
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of Stafford and other Lords and gentlemen were on board. It has been stated that the cost of launching 
was considerably over £70,000. 

The vessel was fitted out and rigged while lying at the moorings at Deptford. The wrought-iron 
intermediate paddle shaft, weighing nearly 40 tons, was taken from Messrs. Scott Russell’s yard and 
hoisted on board the vessel by a floating derrick on February 14, 1859. The vessel left Deptford on 
September 7, 1859, and the Author accompanied her on board as far as Purfleet, where she was 
anchored for the night. The following morning she proceeded down the river, and on reaching 
Gravesend, Mr. Brunel, who was on board, was struck with paralysis, and died on September 15, 
at the age of 54. In the evening when off Hastings, a terrific explosion occurred on board the vessel. 
The two funnels of the paddle engine boilers had been fitted with jackets or casings for superheating 
the steam, and had not been fitted with safety valves. One of these jackets exploded, blowing portions 
of the funnel and its jacket overboard, and wrecking the saloon and cabins in the compartments between 
two of the bulkheads 60 ft. apart. Six of the stokers in the stokehold were scalded to death, and 
others were seriously injured. Mr. Scott Russell was on board at the time. The vessel put into 
Weymouth to land the dead and injured men, and for repairs, after which she proceeded to plymouth, 
where her commander, Captain Harrison, was drowned in the capsizing of a small boat. From 
Plymouth she went to Portland, and left there for a trial trip on the 8th October, 1859, to Holyhead, 
where she arrived two days afterwards, having performed the trip satisfactorily. 


Mr. Isambard Kingdom Brunel, F.R.S., had taken a prominent part in the structural designing of 
the vessel, and in arranging the way in which she was to be launched. He was born at Portsmouth in 
1806, when his father was engaged in erecting in the dockyard the machinery he had invented for 
making wood blocks. He assisted his father, as resident engineer, in the making of the Thames 
Tunnel! in 1826, and was appointed engineer to the Great Western Railway in 1833. The Author 
remembers him well, and saw him almost daily during the time occupied in launching the “ Great 
Eastern.” He was very fond of smoking large cigars, and was seldom seen without one in his mouth. 


In June, 1860, the “ Great Eastern ” Jeft Southampton on her maiden voyage to New York, and on 
her arrival there was saluted at the battery with fourteen guns. This voyage and also the next were 
run at a heavy loss. On her third voyage she was engaged, at the time of the “ Trent” affair, in 
carrying troops to Canada and the West Indies. On the fourth voyage her rudder and paddle wheels 
were badly damaged in a storm off Cape Clear, and in attempting to secure the tiller, it took charge and 
killed the quartermaster. On her next trip she had a large number of passengers, but the receipts 
were altogether inadequate to pay the expenses. On one of her subsequent voyages to New York she 
struck a rock off Montauk Point, and tore a hole in the outer plating of the double bottom 80 feet long 
and about ten feet wide, and three other holes of less size, but without affecting her safety. This 
accident detained her at New York for repairs until the early part of 1863, with a loss of about 
£70,000. On another voyage she ran down a small sailing vessel named the “ James Duff,” and drowned 
two of her crew. 


On June 30, 1863, she sailed again for New York with a large number of passengers, but the funds 
had got so low on her return that she had to be laid up, and the bond-holders took possession of her, all 
the original capital having been lost. 


In 1866 she was chartered by the Telegraph Construction and Maintenance Company for the purpose 
of laying a new Atlantic cable. This she did, and was the first vessel to accomplish the task satisfactorily, 
On her return to the Mersey after this undertaking she underwent, a thorough overhaul. The boilers to 
the screw engines were replaced by new, a new intermediate paddle shaft, and new eccentrics for working 
the air pumps were fitted. She was placed on a gridiron, specially made for her, about a quarter of a 
mile above New Ferry, on the Birkenhead side of the Mersey, where a few defective plates were renewed, 
and the bottom cleaned and coated. The cabins were enlarged and improved, two powerful steam winches 
fitted on deck, and a screw steam launch added to her equipment. This work was completed in March, 
1867. She was afterwards employed on several occasions in the laying of submarine cables, and was used 
in laying the Indian cable from Bombay to Aden. But subsequently she was laid up at Milford Haven 
until well into the seventies, and afterwards purchased by a company, specially formed to own her, for the 
sum of £25,000, and in the spring of 1886 was chartered for the summer months by Messrs. Letts, of 
il ee to be used as a place of amusement at Liverpool, where she attracted a large number of 
people. 
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All further attempts to use her having failed, she was sold by auction in 1888 for “old iron,’ and 
was broken up on a beach in the Mersey in 1890, being then 33 years old, the material fetching £58,000. 
The original estimate of her cost was about £500,000, but her actual cost was said to have amounted to 
nearly £900,000. 


JOHN SCOTT RUSSELL. 


Mr. John Scott Russell, F.R.S., the builder of the ‘Great Eastern,” was born at Parkhead, near 
Glasgow, on May 8, 1808, and was the eldest son of the Rev. David Russell. He was educated at the 
University of St. Andrew’s, where he is said to have early distinguished himself by his scholastic attain- 
ments, and graduated at the Glasgow University with honours at the age of 16. He applied himself to 
the study of mechanics, physics, and the higher branches of mathematics, and attained a remarkable 
proficiency. When Sir John Leslie, the distinguished Professor of Natural Philosophy in St. Andrew’s 
University died in 1832, Mr. Scott Russell, although very young, was elected to the post, and performed 
the duties of the office in a most satisfactory manner. 

Eventually he devoted himself to practical engineering, and had seven or eight steam coaches 
running between Glasgow and Paisley, until the summer of 1834, when the boiler of one of them 
exploded and killed three persons. 

In the course of a few years he became the manager of one of the largest shipbuilding and 
engineering establishments in Scotland, when he designed and built four large steam ships for the Royal 
Mail Steamship Company, named the “ Clyde,” “ Tay,” “ Teviot,” and “Tweed,” It is said that he gave 
to David Napier the credit of having introduced deep sea communication by steam vessels, and the 
establishing of the Post Office Steam Packets. 

He. conducted experiments on the Crinan Canal for the purpose of ascertaining the form of least 
resistance of floating bodies when under propulsion. This led him to formulate his “ wave-line” system 
of construction, which he brought before the Royal Society of Edinburgh in 1837, and secured for him 
the distinction of the large gold medal. He was moreover elected a Fellow of the Society, and was invited 
to a seat on the Council. He was also elected a Fellow of the Royal Society of London in 1847, and was 
a vice-President of the Institution of Civil Engineers, and a vice-President of the Institution of Naval 
Architects. He adopted the wave-line principle in the ships built under his direction, including the 
“Great Eastern.” He came to London in 1844, and after practicing for some time as a practical engineer, 
entered more actively into business as a shipbuilder and marine engineer at Millwall, where he laid out a 
large establishment, and in the course of about ten years, built and engined a great number of vessels of 
various descriptions. He was for a time Secretary to the Society of Arts, and was joint Secretary with 
Sir Stafford Northcote, Bt. of the first International Exhibition of 1851. He was the first to introduce 
the system of longitudinal framing in the construction of vessels as far back as 1835, and he built several 
on this system, including the “Great Eastern” in 1854, two iron paddle-wheel gunboats for the Admiralty 
in 1856, an iron paddle wheel steam yacht for the Sultan of Turkey in 1858, an iron paddle wheel steamer 
for the Indus Steam Flotilla in 1859, and an iron auxiliary screw clipper in 1860. 

farly in 1860 he convened a meeting at his house in Sydenham, at which there were present Doctor 
Woolley, and Messrs. E. J. Reed, and Nathaniel Barnaby, for the purpose of establishing the Institution 
of Naval Architects. He guaranteed the initial expenses, and Mr. Reed undertook the Secretaryship. 

At the end of 1863, he published his work on “The Modern System of Naval Architecture for 
Commerce and War.” It was printed by Messrs. Day and Son, Lithographers to H.M. Queen Victoria, 
and consisted of three volumes 27 ins. by 20 ins., and about 300 pages with 124 plates,—a large, if not 
the largest work on the subject. The price of it was 30 guineas to subscribers, before publication, and 40 
guineas to non-subscribers on and after publication. ‘The letterpress and engravings were of the very best, 
and some of the latter were from drawings made by the Author of this Paper, who in 1916 presented his 
copy of the work, handsomely bound in three volumes, to the City of London Guildhall Library. Mr. 
Russell was also the author of a work on “Systematic Technical Education for the English People.” 

The author of this paper was well acquainted with Mr. Scott Russell and had a very great regard for 
him. He considered him a fine gentleman and possessed of a charming personality. Mr. Russell 
and the Marquis of Stafford were great friends. Mr. Russell built an iron screw yacht named the 
“Undine” for the Marquis, and the author remembers one day while she was building, the Marquis and 
Mr. Russell had a race together down the yard to the yacht. They were both tall men, and Mr. Russell 
ran with his thumbs in the arm-holes of his waistcoat—a favourite custom of his—and the tails of his 
long frock coat flying behind him. The spectacle was very amusing. His usual dress was a navy blue 
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frock coat and trousers, a black velvet waistcoat with Royal Yacht Squadron gilt buttons, a black satin 
cravat and white collar. His son, Norman Scott Russell, for a time worked along with the author in the 
drawing office, and on one of his birthdays his father gave him a copy of the “Life of George 
Stephenson,” and wrote in the book :—*Go and do thou likewise.” One of Mr. Scott Russell’s Naval 
Architects was Mr. Morgan H. Davies, who was chief in that capacity during the latter part of the firm’s 
existence, and was a very great friend to the author. On one occasion, during the absence of Mr. Davies 
on his summer holiday, the author was instructed by Mr. Russell to design an iron screw steam yacht, and 
to construct the lines on the wave-line principle. The lines came of course very hollow, and the author 
found that they would not give the required amount of displacement. On explaining this to Mr. Russell, 
he was told to fill out the lines, and by the time this was done the author remembers there was very little 
of the wave-line left. On another occasion in the year 1859, the author was in the drawing office when 
Mr. Russell entered, accompanied by Mr. William Froude. In a conversation that took place between 
them, the latter explained that he had thought out an apparatus by which it would be possible to ascertain 
definitely the resistance encountered by floating bodies under propulsion, and he described the apparatus. 
Upon this Mr. Russell in a patronising manner placed his hand upon Mr. Froude’s shoulder and said : 
‘“« My dear boy, I have tried it all, and there is nothing in it.” However, Mr. Froude did not appear to be 
in the least discouraged by Mr. Russell’s opinion, and it is well known what valuable results have accrued 
from Mr. Froude’s labours. It is true Mr. Russell had previously conducted some very extensive 
experiments with a view to ascertaining the form of least resistance, but they were not to be compared 
with the method adopted by Mr. Froude. 

Mr. Scott Russell instituted the somewhat novel practice in several of the steamers he built of having 
the machinery completed on board the vessel before launching, and on the morning of the launch of 
having steam got up, so that immediately the vessel was afloat she was able to proceed down the river 
under her own steam ona trial trip. The author was on board several vessels at such times, and on one 
occasion, the steamer which had been built for passenger service between Dover and Calais, had been 
fitted with feathering paddle wheels, and while proceeding down the river at full speed one of the floats 
of the starboard paddle wheel suddenly broke adrift and crashed through the top of the paddle box, where 
the author was standing, and it was only by his leaping on to the bridge deck between the paddle boxes 
that he escaped injury. ‘his description of paddle wheel, although admirably designed with a view 
to rendering the wheel more effective, was very liable to accident. It is recorded by her late Majesty 
Queen Victoria in her journal that she suffered a good deal of inconvenience at times when on board the 
Royal yacht ‘* Victoria and Albert” through accidents to the paddle wheels, which were fitted with 
feathering floats. 

During the Crimean War it became evident that smooth-bore muzzle-loading guns were becoming 
useless as weapons of warfare, and this led to the invention of rifled, breech-loading guns of a far more 
effective character, and the invention of explosive shells. Mr. Scott Russell was among those who were 
interested in the matter at that time, and he devised a cast iron shell with a plug end to fit into a gun or 
mortar, and having spiral fins cast on its surface. The author was present when the first shell of this 
kind was fired from a mortar in a field at the back of the shipbuilding yard at Millwall. The shell was 
not charged, and was fired only with the object of ascertaining its accuracy of aim. A train of gun- 
powder was laid to the touch-hole of the mortar and the author remembers seeing Mr. Scott Russell 
lighting the fuse, and then running away to cover. ‘The shell, however, did not prove a success. 

The first of Captain Cowper Cole’s circular armour plate shields was made at the works of Messrs. 
J. Scott Russell & Co. 

In about 1856 Mr. Russell invented a pretty form of oscillating three-cylinder engine working on a 
single crank, the cylinders being placed at angles of 120 degrees apart. Engines of this description were 
fitted in several vessels built by him. 

In 1859 the wood auxiliary screw gun boat ‘ Donna Maria Anna,” of 409 tons, was built by Messrs, 
J. Scott Russell & Co. for the Portuguese Government. On trimming one of the oak logs in building 
the vessel, a branded mark was discovered some distance in from the surface, with the word Hainault, 
abbreviated thus : Hain‘, showing that the tree had been grown and felled in the forest of Hainault in 
Essex, which had formed part of the ancient forest of Waltham, the greater part of which had been 
disafforested in 1851-2. A plaster cast was made of the mark. 

In compliance with a request of the Portuguese Government, the vessel was built under the inspection 
of Mr. B. Waymouth, then one of the Surveyors to Lloyd’s Register of Shipping. The engines were 
built by the builders of the vessel, and in designing them the presence of the wood middle line keelson 
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had not been taken into consideration, the fitting of screw engines in wooden ships by private firms in 
those days being a new undertaking. Consequently when the engines were ready to be fitted in the 
vessel, it was found that the keelson would necessitate their being raised to the extent of its depth, which 
could not be done. The keelson was therefore, by order of the managing engineer, cut away for the 
length of the engine bed plate, to within a few inches of its depth above the floors. When 
Mr. Waymouth found what had been done, there was trouble, and he declined to pass the vessel. The 
difficulty, however, was overcome by the fitting of galvanised iron fish plates on either side of the keelson 
and through bolted in way of the gap that had been made, and this compensation was approved. 
Engravings of the plans of this vessel, as built, made from drawings by the author, are contained in 
Mr. Scott Russell’s book on the Modern System of Naval Architecture. The vessel was launched on 
August 16, 1859, and it was during her building that the author became acquainted with 
Mr. Waymouth, whom he regarded as a gentleman of the highest integrity. He was deservedly honoured 
by the Committeee of Lloyd’s Register of Shipping by being promoted to the office of Chief Surveyor, 
and eventually to that of Secretary to the Society, which position he held for eighteen years until his 
death, which occurred suddenly in the presence of the Finance Committee, in the board room of the 
Society’s Offices, then at White Lion Court, Cornhill, November 25, 1890, when 66 years of age. For 
some years previous to his death, the author, then living within ten minutes walk of his house, spent 
PEs oat evenings with him and Mrs. Waymouth. 

r. Scott Russell’s last work in shipbuilding was a steamer for carrying the railway trains across 
Lake Constance, between the termini of the German and Swiss railway systems. The large dome of the 
Vienna Exhibition of 1873, having a clear span of 360 feet diameter, was the most important of his 
engineering works. He died at Ventnor, Isle of Wight, June 8, 1882, in his 75th year. 


FELLOW APPRENTICES. 


Among the Author’s fellow apprentices at Messrs. J.Scott Russell & Co’s Shipbuilding and Engineer- 
ing Works were the following :—Ernest Benedict. M.Inst.C.E., born in 1838, eldest son of Sir Julius 
Benedict, the celebrated musical composer. William Walker, one of the few now surviving who actually 
worked on the “Great Eastern” while building, and with whom the Author still continues his acquaintance, 
was the eldest son of the celebrated London engraver, who produced, among his many works, one of 
a literary party at Sir Joshua Reynolds, the engraver’s wife being a relative of the great painter. 
The Author and his wife continued their acquaintance with Mr. and Mrs. Walker for many years. 
Herr Meyer, the son of a shipbuilder at Linz on the Danube, who returned to Linz on the expiration 
of his apprenticeship to join his father in shipbuilding. He wasa personal friend of the Author. Harry 
Lester, whose father was master shipwright to Messrs. J. Scott Russell & Co., has been for many years the 
chief partner in the firm of Messrs. Lester & Perkins, Ship and engine repairers at the Royal Albert Docks, 
London. Mr. Lester took part in the “laying off” and building of the “Great Eastern.” He is still 
living and was an intimate friend of the Author. 

Byron Noel, Viscount Okum and Baron Wentworth, who was the eldest son of the Earl of Lovelace, 
the husband of Ada, Byron’s only daughter, was sent to Messrs. Scott Russell’s works by his grandmother, 
Lady Byron, with a view to keeping his mind employed. He worked in the pattern shop for a time, and 
also along with other apprentices in cutting out theteeth in the segments of the wrought iron rack, 200 ft. 
in circumference, for turning the paddle wheels of the “Great Eastern.” He led a dissolute life, however, 
at Millwall, and died there in disreputable circumstances. Thomas Ridley Oswald, who had commenced 
his training in shipbuilding with his uncle, Mr., afterwards Sir James, Laing, at Deptford Yard, Sunder- 
land, in1852, entered the works of Messrs. J. Scott Russell and Co., two years later at the request of his 
uncle, in order to gain further experience in iron shipbuilding. The Author worked with him in the 
drawing office on the plans of the “Great Eastern.” Mr. Oswald returned to Sunderland and in 1857 
built his first ship in Pallion Yard. From that time he constructed there a large number of vessels, In 
1875 he removed to Southampton and laid out a large yard at Woolston, where he built very many iron 
sailing ships and steamers under the Author’s special survey for classification. In 1889 he removed to 
Milford Haven and continued the building and repairing of vessels at that port. The Author did not see 
him after he left Southampton, until he retired from business and came to reside at Blackheath, at which 
time the Author was residing at Eltham. As Mrs. Oswald and the Author’s wife were educated at the 
same school at Blackheath, an intimate friendship was formed, and many pleasant occasions were enjoyed 
at Blackheath and Eltham. Mr. Oswald, who was brother to the late Mr. James Oswald, K.C., was a 
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well-known shipbuilder, and was the first to use the ‘Swell-necked” rivets in iron shipbuilding. He died 
at Blackheath on June 22, 1916, in his 80th year. Hisson, Major William Digby Oswald, 1).8.0., died 
in France during the Great War on July 16, 1916, of a wound received on the July 14 whilst directing his 
men in Bazentin Wood. He had been previously wounded at Messines on October 31, 1914, was invalided 
home, and went out again in May, 1915. 


H.M.S. “WARRIOR” AND THE THAMES IRON WORKS AND SHIPBUILDING COMPANY. 


In 1859 the French Admiralty having converted the wooden battleship “Gloire” into an armour- 
clad frigate, the British Admiralty was compelled to introduce armour-clad vessels into the Navy, and it 
was determined that the first should be built of iron. Designs were obtained by the Admiralty from some 
of the leading shipbuilding firms of the Country, but the “ Warrior” was designed by Sir Isaac Watts, 
C.B., then Chief Constructor of the Navy, in agreement with the views of Mr. J. Scott Russell. The 
vessel was ordered to be built by Sir John Pakington, then first Lord of the Admiralty, afterwards Lord 
Hampton. She was the first iron armoured battleship constructed for the British Navy, and the first 
battleship in the world to be constructed wholly of iron. She was built by the Thames lron Works and 
Shipbuilding Co. Ltd., Blackwall, under the inspection of Mr. W. B. Baskcomb, Admiralty Overseer, the 
Author being then Assistant Naval Architect to the Company. 

The dimensions of the ‘ Warrior” were: Length between perpendiculars 380 ft., breadth extreme 
58 ft., depth in hold 21 ft., depth at side from underside of keel to gunwale 42 ft., tonnage (B.M.) 
6,176 tons, displacement at a mean draught of 25 ft. 6 ins. 8827 tons, engines, Penn’s horizontal trunk 
principle, 1250 N.H.P. She was a fully rigged three masted ship, but was designated a frigate, the term 
“frigate ” being retained in the British Navy for many years after the introduction of steam, and it was 
not until 1883 that it gave place to “ cruiser.” 

The structure of the “ Warrior” was a combination of the longitudinal and transverse systems of 
framing. The longitudinal system was at that time a novelty to shipbuilders, particularly with regard to 
“laying-off ” on the mould loft floor. It had, however, been previously adopted by Mr. Scott Russell in 
the building of the ‘Great Eastern,” and other vessels, and as the Author had gained experience of the 
system during his apprenticeship, he was allotted the task of arranging with Mr. Baskcomb the details of 
the vessel’s construction, his drawings being from time to time submitted to and approved by the Admiralty. 

The vessel was built, and her armour plates were made of the “ best London scrap iron.” The 
armour plates, 44 ins. thick, were forged under a steam hammer on the premises, and were not rolled as 
has since been the practice. All the plates and bars forming her structure were furnaced and rolled on 
the premises. 

A retired member of the firm that supplied the Thames [ron Works with “ scrap iron,” which firm 
represented three of the largest blast furnaces in the United Kingdom, is a friend of the Author, and still 
living at Eltham,aged 85. He told the Author a short time since that he entered a merchani’s office in 
London direct from school at a salary of £15 a year, and no holidays, and the hours were from 7 a.m. to 
7 p.m. At that time he said England ruled the world in iron and coal, and both America and Germany 
were glad to get supplies from us. 

The armament of the ** Warrior”’ as at first designed, was to consist of thirty-six 8-inch, 68-pounder, 
cast-iron, smooth-bore, muzzle-loading guns of 95 cwt. Very little advance in Naval guns had up to that 
time been made since the battle of Trafalgar, for in March, 1859, the Government is said to have 
ti contracts with three large iron companies for a supply of 68 pounders as fast as they could 
be cast. 

The gun ports of the vessel were arranged to be 8 ft. 6 ins. in width to allow the guns to be trained 
to a wide angle. But while the vessel was building and her structure and armour plating far advanced, 
the armament was suddenly altered to twenty-eight 110-pounder, 7-inch, Armstrong breech-loading, rifled 
guns, and the gun ports had to be reduced to 2 ft. 24 ins. in width. This necessitated alterations in the 
framing and armour plating in the vicinity of each port of a rather difficult character, but the work was 
satisfactorily done in accordance with drawings made by the Author and approved by the Admiralty. 

A target representing a portion of the vessel’s sides complete with the teak backing and armour 
plates attached, was made at the Works, and erected at Shoeburyness, under the inspection of the Author. 
It was fired at by a 68 pounder gun, of the same description as those with which the vessel was originally 
intended to be armed. The cast iron spherical shot that was fired imbedded itself half way in the armour 
plate, proving as Mr. Scott Russell stated in a paper read by him before the Institution of Naval Architects 
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in 1863, that a 68 pounder shot was matched by 44 inch armour plating. A portion of the armour plate 
containing the shot was brought back to the Thames Iron Works and exhibited at the Yard. 


The “ Warrior” was launched on the 29th December, 1860, into Bow Creek, and was brought up in 
little more than her own length, and taken into the Victoria Docks, where her engines and boilers were 
fitted on board by Messrs. John Penn & Son. She left the Victoria Docks on August 8, 1861, and was 
then the largest vessel afloat, excepting the “Great Eastern.” At the time of her launch there was a 
hard frost, and the Thames was blocked with ice to such an extent as to render navigation almost 
impossible. 

On being submitted to her speed trials in Stokes Bay on October 17, 1861, she attained a mean 
speed of 14°356 knots, with an indicated horse power of 5469, on a draught of 25 ft. 6 ins. forward, and 
26 ft. 5 ins. aft, being fully rigged and equipped, and with 760 tons of coal on board. She was then faster 
than the best wooden steam frigates and line-of-battleships afloat. A letter from her Captain, the Hon. 
Arthur Cochrane, was addressed to the Institution of Naval Architects, March 26, 1862, forwarding to 
the Institution diagrams showing the satisfactory sailing and steaming qualities of the vessel on her 
voyage from Lisbon to Gibraltar and home again. The diagrams were laid before the Institution, and 
the President, Sir John Pakington, also read a letter from Commander Tyron of the vessel, speaking of 
the ship in the highest terms. The Author made a water colour drawing of the midship section of the 
vessel, which was framed and was presented by the Managing Director of the Company to the Captain, 
who said he would have it hung in his cabin. 

The “ Warrior” replaced an old wooden seventy-four of the same name, which in her later years 
was used as a convict hulk moored off the Royal Dockyard at Woolwich, where she was seen by the 
Author in the early fifties. She was afterwards used in taking out one of the last batches of convicts to 
Botany Bay, where she remained for many years, and was subsequently sailed home to the Thames and 
there exhibited for a time. 

Two sister vessels to the ‘“‘ Warrior” were built, namely, the ‘‘ Black Prince,” by Messrs. Napier at 
Glasgow, and the “ Achilles” at the Government Dockyard at Chatham. The “ Black Prince” was 
launched February 27, 1861, and the “ Achilles” was broken up in 1923. The building of these vessels 
was followed by the building of the “ Defence” by Messrs. Palmers at Jarrow, the “ Hector” by 
Messrs. Napier at Glasgow, and the “ Resistance” and “ Valiant’ by Messrs. Westwood, Baillie, 
Campbell & Co. at the Isle of Dogs. They were of iron, 280 ft. in length, with ram bows, and 44 in. 
armour plating ; the builders of the “ Valiant” became insolvent before her completion, and she was 
completed by the Thames Ironworks and Shipbuilding Company and launched October 14, 1868. 

Following the above there were constructed for the Admiralty the iron-clad frigate “ Agincourt” by 
Messrs. Laird Bros., at Birkenhead, undocked March 27, 1865; the ‘ Minotaur” by the Thames Iron 
Works and Shipbuilding Co., launched December 12, 1863 ; and the “ Northumberland” by Messrs. C. J. 
Mare & Co. at Millwall, launch attempted March 17, and floated April 17, 1866. These vessels were 
400 ft. in length, with ram bows and 54 in. armour plating. The “ Minotaur” was built under the 
inspection of Mr. F. K. Barnes, Assistant Constructor of the Navy, who was well known to the Author. 
Mr. Barnes, in a paper read by him before the Institution of Naval Architects in 1860, gave valuable 
details of the method of finding the position of a ship’s centre of gravity by experiment, as carried out 
in ships of the British Navy. Its introduction into Britain in about 1830 was due to the late Sir Isaac 
Watts, C.B., Chief Constructor of the Navy. Mr. F. K. Barnes retired from the Admiralty in 
January, 1903. 

In 1865 the Thames Iron Works and Shipbuilding Co. signed a contract for the building of an 
improved “Warrior” for the Turkish Government. She was designed by the late Sir Edward Reed, 
K.C.B., then Chief Constructor of the Navy, with the permission of the Admiralty. Owing to the failure 
of payment by the Turkish Government of the instalments due under the Contract, the vessel fell into the 
hands of the Builders, who offered her to the Admiralty for the price the Turkish Government had agreed 
to pay, but the offer was not entertained. The Builders then offered her, at a considerably higher price, 
to the Prussian Government then commencing to form a Navy, and the offer was immediately accepted. 
No sooner, however, was this done when the Admiralty expressed a wish to purchase the vessel without 
further delay, but it was too late, and the vessel was completed for the Prussian Government. She was 
launched April 27, 1868. Among the visitors present at the launch were H.R.H. Prince Adalbert, 
representing the King of Prussia, and a deputation of distinguished officers of the Prussian Navy. The 
vessel was christened by the Countess Bernstorff, and named “ Konig Wilhelm,” 
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In 1865-66 there was built by the Thames Iron Works and Shipbuilding Co., the iron screw 
troopship “Serapis” 360 ft. in length and 4,000 tons. She was built under the inspection of Mr. T. Dodd, 
father of Mr. T. J. Dodd who became a Surveyor to Lloyd’s Register of Shipping, and was for some time 
its exclusive Surveyor at Genoa, and eventually its Principal Surveyor at Glasgow, both these gentlemen 
were friends of the Author. The ‘“Serapis”’ was launched September 26, 1866. She was sister vessel to 
the “Crocodile” built by Messrs. Wigram at Blackwall, the ** Euphrates” built by Messrs. Laird Bros. at 
Birkenhead, and the “Jumna” built by Messrs. Palmers at Jarrow-on-Tyne. 

The Thames Iron Works and Shipbuilding Co. received orders from the Admiralty in September, 1867 
for the construction of the screw corvettes ** Volage” and ‘ Active.” These vessels were 270 ft. in length 
and 2,321 tons. Their hulls were of iron, sheathed with two thicknesses of teak planking and the bottoms 
sheathed with copper. They were designed by the late Sir Edward Reed, K.C.B., then Chief Constructor 
of the Navy. Their stems, stern, and rudder frames were of cast brass, designed by the Author. The 
vessels were built under the inspection of Mr. E. C. Warren, then Master Shipwright of Chatham 
Dockyard, assisted by Mr. 8. J. P. Thearle, then Assistant Admiralty Overseer. It was at that time the 
Author become acquainted with these gentlemen. Mr. Thearle had previously been an Admiralty student 
at the Royal School of Naval Architecture and Marine Engineering at South Kensington, and had gained 
its diploma of Fellow. While at the ‘Thames Iron Works and Shipbuilding Co. he obtained valuable 
practical experience in the laying off of ships on the mould loft floor, particularly those built on the 
longitudinal system. He was appointed Surveyor to Lloyd’s Register of Shipping in January, 1876, and 
eventually became its Principal Surveyor at Greenock. In March, 1900 he was appointed Assistant to the 
Chief Ship Surveyor, and in July, 1909, Chief Ship Surveyor, on the retirement of Mr. H. J. Cornish, 
which position he held until his death November 13,1913. ‘The University of Durham conferred upon him 
the honorary degree of Doctor of Science. 

There were also constructed by the Thames Iron Works and Shipbuilding Co. for the Admiralty the 
Cruisers “ Benbow,” “ Blenheim” and “ Sanspariel,” the armour clad turret ships “ Magdala” and ‘* Cyclops,” 
the hydraulic propelled gunboat ‘ Waterwitch,” and the iron screw store ship “ Earl De Grey and Ripon,” 
also the iron armour clad vessels *‘ Avni Illah,” ** Fethi Bulend,”’ “Sultan Mahmoud” and “ Mesoudiye” 
for the Turkish Government, the armour clad battery ‘* Pervenetz” for the Russian Government, the 
cruiser “ Fuji” for the Japanese Government, the iron clad frigate * Victoria” for the Spanish Government, 
the armour clad gunboats ‘* Vasco De Gama” for the Portuguese Government, the * King George ” for the 
Greek Government, and two gunboats for the Danish Government; beside five liners for the P. & O. 
Company, and a large number of other vessels of various descriptions. 

Mr. G. C. Mackrow, for many years the Naval Architect to the Company, died February 7, 1907, in 
his 77th year. His son, Clement Mackrow, author of the Naval Architects Pocket Book, who succeeded 
his father, was killed by accident at the level railway crossing, at the Canning Town entrance to the 
Thames Iron Works on September 23, 1912, aged 56. 

The main property of the Thames Iron Works at Canning Town, on the East side of Bow Creek, 
was sold in May, 1913, to the Great Eastern Railway Company. These works were the birthplace of a 
greater warship tonnage than perhaps that of any dockyard or shipbuilding establishment in the world. 


SOME OF THE AUTHOR’S REMINISCENCES. 


The Author was Assistant Naval Architect to the Thames Iron Works and Shipbuilding Co. from 
1860 to 1871, when he was appointed Surveyor to the Underwriters’ Registry for Iron Vessels, and was 
given charge of their London office and surveying duties in London, on the South Coast, and on the 
Continent. He was eventually promoted to the position of Assistant Chief Surveyor, which appointment 
he held until the amalgamation of the Society in 1885 with Lloyd's Register of Shipping, in which he 
received an m Lite as Surveyor. In June, 1902, he was promoted to the position of Principal 
Surveyor on the Chief Ship Surveyor’s staff, and held that position until his retirement on June 30, 1909. 
He was elected an Associate of the Institution of Naval Architects November 13, 1861, and a Member of 
the Institution April 2, 1868. Lord Brassey's composite yacht * Sunbeam,” of world-wide reputation, 
constructed by divers Bowdler, Chaffer & Co., at Seacombe, on the Mersey, was built under the 


inspection of the Author for classification in the Underwriters’ Registry. On the occasion of the 
reception given by the Chairman and Committee of Lloyd’s Register of Shipping at the Society’s office 
in London on February 22, 1912, the Author had the honour of an interesting conversation with Lord 
Brassey, who was one of the guests, respecting his yacht and the “Great Eastern” steamship, his 
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Lordship’s father, Thomas Brassey, Esq., having been one of the Directors of the original company that 
owned the latter vessel. 

In 1870 the Author published the first edition of his “Tabulated Weights of Iron and Steel,” now 
in its eighth edition, and the property of Lloyd’s Register of Shipping. In May, 1877, he was awarded 
a silver medal and honorary freedom of the Shipwright’s Company and of the City of London, for the 
design and model of an iron sailing ship, exhibited at a competitive exhibition held by the Shipwrights’ 
Company in the Fishmongers Hall, London. The model has, through the kindness of the Committee of 
Lloyd’s Register, been presented in a glass case to the Royal Naval College Museum, Greenwich. The 
figure-head of the model was carved by the celebrated carver of figure-heads, the late Mr. F. Hellyer, of 
Blackwall, who carved the figure-heads of H.M.S. “ Warrior,” and the figure-heads of many other warships 
of the British Navy, besides those of a large number of ships for the mercantile marine, including the 
renowned Tea clipper “Cutty Sark.” During his first ten years of surveying duties in London, the 
Author experienced considerable difficulty at times in finding the locality of the very many dry docks 
which then existed on each side of the Thames, and the best way of getting to them. From time to 
time he noted this information, and also obtained particulars of the dimensions of the docks, and the 
depths of their sills below T.H.W. In working out the latter from observations of the tides, he 
ascertained the relative differences between the Trinity datum (Trinity H.W. Mark), the Admiralty 
datum, and the Ordnance datum, which are not generally known, and which are as follows :—Trinity 
datum, or mean level of High Water ordinary springs is 20 ft. 8 ins. above the Admiralty datum, or mean 
level of Low Water ordinary springs, and 12 ft. 8 ins. above the Admiralty datum. Believing the 
information he had collected would be of use to others, he published it in 1882, together with a map 
showing the position of the docks, railway stations and steamboat piers. In 1904 he published a second 
Phe edition in book form, with additional particulars. Many of the dry docks have since been 

ed in. 

In 1879 and again in 1880 he was instructed to proceed to Genoa to survey there some steamers 
belonging to one of the Italian steamship companies. While there he became acquainted with the 
Rey. Donald Miller, D.D., Minister of the Presbyterian Church in Genoa. Dr. Miller had been 
carrying on for nine years a successful mission among English and American seamen visiting the port, 
services for them being held on board an old wooden hulk which had been fitted up as a floating 
“Bethel.” The vessel, however, had become rotten, and the Harbour Authorities had condemned her 
to be broken up. Doctor Miller had therefore decided to have her replaced by an iron vessel specially 
designed for the purpose, but was in a difficulty as to a designer. He consulted the Author, who 
undertook to design the vessel and furnish him gratuitously with the necessary plans and_ specification, 
and this the Author did. A contract was made with a shipbuilding firm at Sestri Ponenti, near Genoa, 
and the vessel was satisfactorily built under the inspection of the Society’s non-exclusive surveyor at 
Genoa. She was launched December 24, 1881, and named ‘“ Caledonia.” The vessel contained a 
chapel, seated for one hundred persons, a reading room, two vestries, and a cabin and workroom for the 
shipkeeper, and was said to be the handsomest seamen’s “ Bethel” afloat. Her cost was defrayed by the 
annual New Year’s offering of the Sunday School children of the Free Church of Scotland, amounting in 
that year to £735, also many liberal gifts from London shipowners, and_ several members of the 
Committee of Lloyd’s Register of Shipping, and others, amounting to over £600, and a donation from 
Lady Uarrief Scott Bentinck of £1,000, who expressed her deep interest in the spiritual welfare of 
sailors, and her great satisfaction in knowing that the “Caledonia” was found to answer its purpose so 
well. After the vessel had done good service for nine years, the harbour of Genoa was completely 
altered and improved, enabling ships to lie alongside wharves. Seamen could then walk ashore from 
their ships, and could not be persuaded to go off to the services on the “ Caledonia” lying some distance 
away in the harbour, although a steam launch had been provided for their use. It was therefore 
decided to purchase a suitable building near the harbour and adapt it for the purpose of the Mission ; 
and this was satisfactorily accomplished, and the ‘Caledonia ” was sold to the Harbour Mission at 
Naples, where she was successfully used for seventeen years. 

In March, 1889, the author was instructed to proceed to Cadiz for the purpose of superintending the 
repair of a steamer, which had been extensively damaged through stranding, with a view to her reclassifica- 
tion. While so engaged he was further instructed to take charge of the surveying duties of the port until 
further orders, and was fully occupied there for four months. ‘The vessel referred to was lying in one of 
the dry docks in the Government dockyard at Carracas, about 8 miles from Cadiz, and in the adjacent dry 
dock there was a submarine which had recently been invented by a Lieutenant of the Spanish Navy 
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(Sen. Paral), and the authorities were very anxious that no foreigner should see her. Consequently the 
Author, on arriving each morning at the Arsenal, was escorted to the vessel he was surveying by a couple 
of marines with fixed bayonets. On completion of his duties at Cadiz he proceeded to Gibraltar to attend 
to some business there for the Society, returning to England at the end of July, 1889. 

In July, 1914, five years after he had retired from the Society, he proceeded again to Cadiz at the wish 
of the Committee, and carried out a second No. 8 survey on a large steamer belonging to the Trasatlantica 
Company of Spain. On the war breaking out between Great Britain and Germany on the 4th August, 
the Author, after completing the survey, had some difficulty in getting back to England, but the 
Trasatlantica Company very kindly offered him a passage in one of their steamers to Liverpool, which he 
gladly accepted. 

The Author on various occasions carried out damage and special surveys at the continental ports of 
Marseilles, Havre, Antwerp, Rotterdam, Bremerhaven, Hamburg, Nieu Diep and Copenhagen. 


LAUNCHING FAILURES ON THE THAMES. 

It is remarkable that failures in launching occurred in the cases of three large vessels built on the 
north side of the Thames, on the Isle of Dogs. They were the “Great Eastern” steamship, built at 
Millwall by Messrs. J. Scott Russell & Co., the ‘* Northumberland” iron armour clad frigate, built at 
Millwall by Messrs. C. J. Mare & Co., and the “ Independencia ” iron armour clad frigate, built at Cubitt 
Town by Messrs, J. & W. Dudgeon. The case of the “Great Eastern” has already been described in 
this Paper. 

The * Northumberland” was built for the Admiralty on part of the site previously oceupied in the 
building of the ‘“ Great Eastern.” The failure to launch her occurred on the 17th March, 1866, when she 
proceeded some distance down the ways, which probably sank under her weight and then stopped. Large 
wood caissons, or “Camels,” as they were called, were built at Woolwich Dockyard, and made to fit into 
the after part of the vessel on either side, and by this means she was floated on April 17, 1866. 

The “ Independencia” was built for the Brazilian Government to the design of Sir Edward Reed, 
K.C.B. The failure to launch her occurred on July 16, 1874, and it was not until after repeated attempts 
had been made that she was floated in the beginning of September following, and then in a seriously 
damaged condition. It was then arranged, with the permission of the Admiralty, to place her in dry dock 
in the Government dockyard at Woolwich ; but before this could be done the dock had to be lengthened 
about twenty feet. When this had been done and the vessel docked, the underwriters of the launching 
policy made an application to the Committee of the Underwriters’ Registery for Iron Vessels for the 
Author to be allowed to examine the vessel, in order to ascertain what damage had been sustained, and 
what repairs would in his opinion be required to place her in a condition equal to that she was in previous 
to the launching. The Committee acceded to the request and the Author carried out the survey. The 
damage was very extensive, and his report, dated April 28, 1875, extended over eighty pages of foolscap 
paper. He was subsequently requested to make further examination of the vessel, after removal of con- 
siderable portions of the armour and wood decks in the way of the damage, which he did on June 29 and 
August 13, 1875, but no further damage of importance was found to have been sustained. 

The firm of Messrs. J. & W. Dudgeon having in the meantime been closed, the repairing and com- 
pletion of the vessel were placed by the Brazilian Government in the hands of Messrs. Samuda Bros., but 
before being completed she was purchased by the Admiralty and renamed “ Neptune.” She remained 
in the Navy many years, and was eventually sold and taken to Hamburg, where she was broken up. Her 
dimensions were :—Length 300 ft., breath 63 ft., depth 35 ft. 3 ins., draught 24 ft. 9ins., displacement 
9,000 tons, tonnage (B.M.) 5055 tons, engines 1200 N.H.P. by Messrs. John Penn & Son. 


E. J. REED. 


The Author became acquainted with Mr. E. J. Reed (afterwards Sir Edward Reed, K.C.B.) in 1865, 
when he and the Author were members of the Committee of the Greenwich Literary and Scientific 
Institute. The Author’s father-in-law, the late Dr. Prior Purvis, of Blackheath, was principal trustee of 
the Institute and the family doctor to Mr. Reed, who was then living in Hyde Vale, near Blackheath, 
and was Secretary to the Institution of Naval Architects, and sub-editor of the Mechanic’s Magazine. 
Among the members of the Greenwich Institute at that time were J. B. C. Crossland, Esq., M.C.I.N.A., 
Assistant Constructor for the Navy, and W. B. Baskcomb, Esq., M.I.N.A., and Mr. W. J. M. Letty, Esq., 
M.I.N.A., Admiralty Overseers. Mr. Reed had strongly urged the Admiralty to cease building wooden 
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warships, and to alter and armour plate some of those then built or building. As a result he was engaged 
by the Admiralty to superintend the altering and armour plating of some wooden vessels then building in 
Deptford dockyard. age afterwards appointed Chief Constructor of the Navy and received the title of 
K.C.B. He eventually retired from the Admizalty and became consulting Naval Architect. The Author’s 
brother-in-law, Professor F. P. Purvis, having obtained a Whitworth Scholarship, trained at the Royal 
School of Naval Architecture and Marine Engineering at South Kensington, and obtained the degree of 
Fellow of the School. He joined Sir Edward Reed’s Staff in 1871, and at his wish went to Torquay in 
the following year to assist Mr. William Froude, F.R.S. in the monumental work for the Admiralty, 
which Mr. Froude’s tank experiments then and later achieved. After that Prof. Purvis became chief of 
Messrs. William Denny & Bros., scientific staff at Dumbarton, and later shipbuilding partner of Messrs. 
Blackwood, Gordon & Co., at Port Glasgow. In 1901 he went to Japan as one of the three Professors of 
Naval Architecture in the Imperial University of Tokyo. In 1915 the University conferred upon him 
the degree of . Doctor of Engineering Science, and after 19 years of service highly appreciated he retired 
and has recently returned to England. 


THE ATLANTIC CABLE. 


The New York, Newfoundland and London Telegraph Company was formed in 18438, through the 
instrumentality of Mr. Cyrus W. Field, of New York. Its privileges were subsequently transferred to the 
Atlantic Telegraph Company. Mr. Field came to England and had interviews with Mr. Brunel, Mr. 
(afterwards Sir Charles) Bright, Professor Thomson (afterwards Lord Kelvin), and other eminent 
Engineers and Electricians. In 1856, having secured the services of Mr. Charles Bright as Chief 
Engineer and others, Mr. Field succeeded in forming the new Company, and agreements were made on 
December 6th, 1856, with the Gutta Percha Company, Messrs. Glass, Elliott & Co., of East Greenwich, 
and Messrs. Newall & Co., of Birkenhead, respectively, for the supply of 1,250 miles of cable within six 
months for £62,000. The cable consisted of a central conducting wire strand, made up of seven wires 
of the purest copper of No. 22 gauge. The strand itself being about ,'; of an inch in diameter was 
formed of one straightly drawn wire, with six others twisted round it. The strand was coated with three 
separate layers of refined gutta percha, bringing its diameter up to about 3 of an inch, and were together 
designated “the core.” The core was wound tightly round by a serving of hemp, saturated with a 
composition made chiefly of pitch and tar. Eighteen strands of seven-thread charcoal iron wire were then 
Siac twisted round the core, and coated with pitch and tar. 

The Author, who has a sample portion of the cable, visited the works of Messrs. Glass, Elliott & Co., 
at East Greenwich, several times, and saw this, the first Atlantic cable being made, and conveyed on 
board the wooden screw line-of-battleship ‘‘ Agamemnon,” which the British Government had placed at 
the service of the Company, and the wooden screw frigate “ Niagara,” which the United States 
Government had sent over to be used in like manner. Each of these vessels, then lying off the works at 
East Greenwich, took in one half of the cable. ‘The heavy masts and rigging of the “* Agamemnon” had 
been removed and substituted by lighter spars and rigging. 

It was arranged that the “ Niagara” should land her shore end at Valencia, and pay out until her 
portion of the cable was exhausted midway, when a splice was to be made with the other half in the 
“Agamemnon,” which was then to be laid by her to Newfoundland. The shore end was laid by the 
“Niagara” at Valencia as arranged, and she, together with the “Agamemnon” and the squadron 
accompanying them, sailed on August 7, 1857, but on August 11 the cable broke when 330 nautical 
miles had been laid. The vessels then put back, and the remaining portions of the cable were landed 
at Keyham, and 58 miles of the other end were recovered. This failure proved fatal to the first 
attempt to lay the Atlantic cable. 

Another attempt was made by the same company, and a further length of 900 miles of cable was 
made by Messrs. Glass, Elliott & Co. to replace that lost or damaged, making a total of 3012 miles 
of cable. 

The British and American Governments again lent the “Agamemnon” and “ Niagara” 
respectively. New paying-out machinery was fitted on the vessels under the superintendence of 
Sir Charles Bright and others, and a different plan was adopted this time for laying the cable. Instead 
of landing a shore end at Valencia, and making a junction of the cable in mid Atlantic, it was decided 
that the two ships should proceed together to midway between Trinity Bay, Newfoundland and Valencia, 
there splice the cable, and proceed east and west to their destinations. ‘The cable was spliced on 
June 26, 1858, but a series of breakages occurred and a quantity of cable was lost. As however there 
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was a sufficient quantity of cable remaining, it was again spliced and the vessels proceeded on their 
voyages. The “Agamemnon” arrived at Valencia, and the “Niagara” in Trinity Bay on 
August 5, 1858, and congratulatory messages passed between Her Majesty Queen Victoria and the 
President of the United States. On September 3, however, all signals failed. Several attempts were 
made to recover the cable but without success. 

Additional capital was then raised by the Company, and a new cable, stronger but only slightly 
heavier than the first cable, was made by Messrs. Glass, Elliott & Co. The steamship “ Great Eastern ” 
was chartered by the Telegraph Construction and Maintenance Company, and Captain James Anderson, 
of the Cunard Line, was allowed to take command of her. Mr. Halpin, who was chief officer, and 
afterwards became Marine Superintendent to the Company, was well known to the Author. The ‘ Great 
Eastern” was fitted with three large tanks for containing the cable, and new machinery for paying it 
out. The cable was conveyed to her at Sheerness by the “ Amethyst” and “ Iris,” lent by the 
Admiralty. On July 22, 1866, the screw steamers “ Caroline” and “ Hawk,” which the Author saw 
built by Messrs. J. Scott Russell & Co., at Millwall, assisted in taking the shore end of the cable from 
Valencia to the “Great Eastern” lying in Foilhummerum Bay, where it was spliced with the main 
cable, and the ‘Great Eastern” proceeded on her voyage on July 23, 1866. Mr. Daniel Gooch, who was 
afterwards made a Baronet, was on board and took great interest in the undertaking. Several “ faults” 
and accidents, however, occurred, and on August 2, the cable suddenly parted, and all that had been paid 
out was lost. Attempts were made to pick up the portion lost, but without success. The “Great 
Kastern” returned to Crookhaven, arriving there on August 17, 1866. The paying out and picking up 
machinery on her were improved, and various alterations made in her, with a view to better fitting her 
for the purpose of laying a new cable and picking up the old. In September, 1866, she picked up the 
lost cable from a depth of two miles, and satisfactorily completed the laying of the entire cable. 

Sir Charles Tilston Bright, M.P., who was one of the founders of the Atlantic Telegraph Company 
in 1856, and acted as its Chief Engineer, was born at Wanstead, Essex, June 8, 1832, and was educated 
at the Merchant Taylors’ School. He received his knighthood when but 26 years old in recognition of 
the valuable services he had rendered in the attempt to lay the first Atlantic Cable. He was Member of 
Parliament for Greenwich from 1865 to 1868. He died May 3, 1888. The Author became acquainted 
with him, and in November, 1865, he presided in response to the Author's invitation at a public meeting 
held for the Annual Distribution of Prizes to the Students of the Greenwich Science and Art School, of 
which the Author was then its Honorary Secretary. 


THE RIVER THAMES. 


‘The river Thames being the great highway of London from the earliest times, formed, until within a 
comparatively recent period, the main thoroughfare to places on or near its sides, the communi- 
cation between London and such districts in the old days being tedious and unpleasant. Facilities existed 
for persons desiring to travel by the river, there being numerous landing places, or “stairs” as they were 
called, along the river banks, and many hundreds of watermen were always ready and waiting to be 
employed. ‘This is not now the case, owing partly to the construction of bridges and tunnels, and partly 
to the facilities offered by motor omnibuses, tram cars and railways which have to a great extent drawn 
the passenger traffic away from the river. 

For centuries the Lord Mayor's Show proceeded to Westminster by water, and it was not until 1857 
that it proceeded by land. Previous to that time the Corporation of the City of London, and the great 
City Companies had their barges and liveried watermen, but with the disuse of the river as a natural 
highway the river pageants became more rare, and the last of the kind occurred in 1849, when 
H.R.H. Prince Albert proceeded down the river to open the new Coal Exchange. 

It may be of interest to state that the tidal rise of the Thames is 14 ft. at Southend, 16} ft. at 
Gravesend, 18} ft. at Deptford, and 21 ft. at London Bridge. From there its rise gradually diminishes 
until at Teddington it is entirely spent. 

Until the introduction of railways, the coal for London was brought from the Kast Coast ports in 
wooden collier sailing brigs. They came up the Thames as far as they could by sailing, and then drifted 
up the river by the tide, presenting a strange appearance as they turned round and round, proceeding at 
times broadside or stern first. In this way they drifted up to the lower pool, where they were made fast 
alongside barges, into which the coal was discharged in the following primitive manner. The coal was 
hoisted from the holds of the brigs in large baskets by a rope over a pulley attached to the rigging, the 
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rope having three whip-ends attached to its end. A rough kind of wide ladder, with rungs wide apart, 
was rigged up alongside the hatchway, up which three men climbed, each holding a whip-end of the rope, 
and ata given signal from the hold they jumped backwards on to the deck of the brig, and in this way 
hoisted from the hold the basket of coal, which was then tipped into the barge, the operation being 
continued until the brig was discharged. These collier brigs were to be seen on the Thames well into the 
fifties, but gradually passed out of existence as iron screw colliers came into use. 

Until the seventies, when a steam ferry was established between the terminus of the Millwall railway 
and Greenwich, there was no other way of crossing the river directly to the opposite shore between London 
Bridge and Woolwich (excepting by the Thames Tunnel), but by hiring a waterman and his wherry at one 
of the numerous “ stairs” or landing places at the river side. The Author had to cross the river in this 
way in the fifties, during his apprenticeship, in proceeding from Greenwich at 5.30 a.m. to Messrs. Scott 
Russell & Co.’s Shipbuilding yard at Millwall; and on returning at 6 p.m., a long queue of people formed 
on the north shore, to await their turn to step into the wherries, which were licensed to carry eight 
persons only, beside the waterman. This was very tedious and unpleasant, particularly during the dark 
and cold winter evenings, and still more so during foggy weather, or when there was ice on the river. 
The Author was several times lost on the river in a fog, and on one such occasion, after leaving Greenwich 
at 5.30 a.m., and being in the boat a long time, it was nearly capsized by getting athwart the moorings 
of the old “ Dreadnought ” hospital ship. Eventually the Author provided himself with a pocket compass, 
and was then able to steer a boat across the river, which he often did in a fog. 

There are now between London Bridge and Woolwich the following means of crossing the river, viz. ; 
—The Tower Bridge, designed by Sir Horace Jones and Sir J. Wolfe Barry (for foot passengers and 
vehicles), opened June 30, 1894. Its total length is 880 ft., witha roadway of 49 ft. in width. 

The Rotherhithe Tunnel (for foot passengers and vehicles), opened in 1908. It connects Commercial 
Road East with Lower Road, Rotherhithe. Its total length is one mile, 440 yds., of which 510 yds, 
are under the river. 

The Greenwich Tunnel (for foot passengers only), was opened August 2, 1902. It connects the Isle 
of Dogs, Poplar, with Greenwich. The length of the tunnel or subway is 406 yds. It has a lift 
at each end. 

The Blackwall tunnel (for foot passengers and vehicles) designed by Sir Alexander Binnie, opened 
May 22nd, 1897, by His late Majesty King Edward VII, when Prince of Wales, accompanied by 
H.R.H. The Princess of Wales (now Dowager Queen Alexandra), on behalf of Her Most Gracious 
Majesty the late Queen Victoria. The Author, at the invitation of the London County Council, was 
present at the opening ceremony. The total length of the tunnel is nearly 1} miles, of which 407 yds. 
are under the river. 

The Woolwich Steam Ferry (for foot passengers and vehicles), was opened to the public by 
Lord Rosebery, March 23,1889. It connects North and South Woolwich. 

The Woolwich tunnel (for foot passengers only), was opened October 26,1912. It also connects 
North and South Woolwich, below the Steam Ferry. The length of the tunnel or subway is 500 yds. 

Another tunnel is proposed (1924) to be made to connect Dartford and Purfleet. It will be the 
biggest road tunnel in England, and about 25 miles long. A road space will be provided in it for two 
lines of vehicles, beside foot paths for pedestrians. Its total width will be 30 ft. 9 ins., and its head 
room 16 ft. 

The “Dreadnought” hospital ship lay moored off the Greenwich Gas Works, at the west end of 
Greenwich, from 1831 to 1857. In the winters of 1817 and 1818, after the cessation of the French war, 
there were large numbers of seamen in London and the sea ports suffering from wounds and sickness, and 
unable to work. A fund was subscribed for their relief, and on March 8, 1821, a public meeting was held 
at the London Tavern, when the Seamen’s Hospital Society was founded. The Board of Admiralty then 
granted the Society the use of the hull of the 50-gun-ship “‘ Grampus,” asa hospital ship, but in 1831, the 
vessel proving too small for the purpose, the hull of the 98-gun-ship “ Dreadnought ” was substituted for 
her. ‘The following particulars of this ship may be of interest :—The building of her, which had been in 
hand at Portsmouth Dockyard for thirteen years, was completed in 1802. Her dimensions were :—length, 
on lower deck, 185 ft. ; breadth, 51 ft. ; depth, 21 ft. 6 ins., and tonnage 2111 tons. She took part in 
the battle of Trafalgar, and was the eighth ship in Admiral Collingwood’s column. She came into 
action at 2 p.m. with the Spanish 74 gun-ship “San Juan Nepomuceno,” which, after fifteen minutes, 
surrendered. The “ Dreadnought” then opened fire on the Spanish 112 gun (flag) ship “ Principe de 
Asturias,” but after a few broadsides, the Spanish ship hauled off, and with the most efficient ships of her 
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division bore away towards Cadiz. After that the “ Dreadnought,” with the ‘ Thunderer,” brought the 
French 74 gun-ship “ Indomptable,” and the Spanish 74 gun-ship “San Justo” into action. The 
“ Dreadnought lost 7 men killed, and 3 officers and 23 men wounded, and had her main topsail yard shot 
away, besides sustaining damage to the hull. As a hospital ship she presented a prominent object on 
the Thames, looming high out of the water, with her lines of painted ports, the figure head of a lion 
standing at her head, and painted along her sides, in large letters, the words, ** Hospital for Seamen of 
all Nations, supported by Voluntary Contributions.” In the winter of 1837 the Thames was frozen and 
blocked with huge masses of ice, and the pressure of the ice was so great that it broke the head 
moorings of the vessel, and she drifted round with the ice and was brought up on her stern moorings. 
Communication between the ship and the shore had to be carried on by means of a cradle worked 
on a hawser secured to the ship and to an anchor on shore, and this had to be continued for seven or 
eight weeks during the frost. The vessel remained in use until she became too decayed and insanitary, 
when she was broken up and replaced in 1857 by the hullof the 120-gun ship “ Caledonia,” whose name 
was changed to “ Dreadnought.” In 1859 the author’s brother-in-law, Mr. J. P. Purvis, M.R.C.S.E. 
(still living at Blackheath), became a pupil and surgeon-dresser on board this vessel. In 1870, it having 
been decided for sanitary and other reasons to discontinue the hospital for seamen afloat, the Board of 
Admiralty granted the Society a lease of the Infirmary of Greenwich Hospital for 99 years at a nominal 
rent, in lieu of the loan of a ship. 

The General Steam Navigation Company—the oldest steamship company in the world—having 
been established in 1824 has hada large fleet of steamers sailing from London from the earliest days 
of steamships. heir wood paddle steamer “ John Bull,” 165 ft. in length, of 591 tons and 200 N.H.P. 
was built at Poplar in 1835, and their wood paddle steamer “Trident,” 193 ft. in length, of 971 tons 
and 280 N.H.P. was built at Blackwall in 1841. Her late Majesty Queen Victoria returned in this 
latter vessel from her first journey to Scotland, leaving Leith September 15, and arriving at Southend 
September 17, 1842. The Author frequently saw these steamers on the Thames during the fifties. 

In the thirties the G.S.N. Company had five paddle steamers built, four of them of wood and one of 
iron. In the forties eleven paddle steamers were built, three of them of wood and eight of iron. In 
the fifties thirteen steamers were built, eight of them paddle and five screw, four of them being of wood 
and nine of iron. In the sixties fifteen steamers were built, six of them paddle and nine screw, all being 
of iron. These particulars are given to show the gradual change from wood to iron, and from paddle to 
screw, in this Company’s vessels during the early years of steamships. Seventeen of the above vessels 
were built on the Thames, of which nine were built by C. J. Mare at Blackwall. The Company has 
always had its own ship and engine repairing works and dry dock at Deptford. Mr. William Beardmore 
was its superintending engineer for very many years, and was father of Mr. William Beardmore of 
Parkhead Forge, Glasgow. 

THAMES STEAMBOATS. 

With regard to the Thames passenger steamboat services, it has been said that a man named 
Dawson had a steamer on the Thames, plying between London and Gravesend in 1813; but it has been 
agreed that the first passenger steamer on the Thames was the “ Margery.” She was built of wood, was 
70 tons, with engines of 14 N.H.P. and was built in 1813-14, by Messrs. J. and C. Wood, at Port 
Glasgow. Having been bought by a company of London merchants, she was sent to the Thames soon 
after her launch, through the Forth and Clyde Canal and down the East Coast. 

In January, 1815, an advertisement appeared to the effect that “the new steam packet ‘ Margery’ 
Captain Cortis, will start at 10 o’clock on Monday morning, 23rd instant, from Wapping Old Stairs to 
Milton, below Gravesend, and will return from thence the next morning to the same stairs, the same 
packet having superb accommodation. Passengers and their luggage will be conveyed to and fro with 
more certain speed and safety than by any other conveyance, by land or water, and on reasonable fares. 
Passengers are requested to be punctual to the time specified. Fares 4 shillings in chief cabin and 
2 shillings in fore cabin.” She ran daily, once up and once down, between London and Gravesend in 
1816, but was said to be unsuccessful, and never to have worked three weeks at a time without repairs. 
She was refitted in 1816, and sent to be employed on the Seine. 

In 1815 the wood steamboat “ Argyle” was also built by Messrs. J. & C. Wood at Port Glasgow. 
She was 65 ft. long, 14 ft. 6 in. beam, 3 ft. 6 in. draught, 74 tons and 16 N.H.P. engines, her paddle 
wheels were 9 ft. diameter, and her average speed 9 miles per hour. After she had plied for some months 
between Glasgow and Greenock, she was bought by a London firm, who changed her name to “ Thames.” 
She came round the west coast, and on her way up the channel put into Portsmouth, where there was a 
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court martial sitting on board the “Gladiator.” The novelty of the steamboat presented such an 
attraction that the whole Court went off to her, except the President. In July 1815 she started from the 
Wood Quay, near the Custom House, for Margate every Tuesday and Saturday at 8 a.m., and had a 
monopoly of the station for about three months. Her cabins were stated to be fitted up “with all that 
elegance could suggest, or personal comfort require.” There was also a “choice library, backgammon 
boards, draught tables, and other means of amusement on board.” Her funnel did duty as a mast, and 
carried a large sail. On her sides were painted eighteen ports and on the stern, two. On her first voyage 
to Margate, Sir R. Phillips is said to have stated that none would trust themselves to go in the vessel but 
himself and three of his family, and five or six other passengers. In 1816 the boat was withdrawn from 
the Margate service, and ran between the Tower Stairs and Gravesend. 

The “Richmond” steamboat of 80 tons and 18 N.H.P. is said to have run to Richmond in 1815. 

In 1816 the “ Caledonian,” built by Messrs. J. & C. Wood, was brought from the Clyde to the 
Thames. She was 94 ft. long, 15 ft. 3 in. beam, and had engines of 32 N.H.P. by Boulton & Watt. In 
1816, the “ Regent,” the first steamboat known to have been built on the Thames was added. She was 
112 tons, and 24 N.H.P., but on July 2nd, 1816, when on her way to Margate, she was almost destroyed 
by fire. 

In 1817 the steamboat ‘Sons of Commerce,” 85 ft. long, 25 ft. 3 in. beam, and 80 tons, with 
engines of 20 N.H.P. by Boulton & Watt, built by E. Evans, near Rochester; and the steamboats 
“Diana,” “ Eclipse,” ‘ Favourite,” ‘“ London” and “ Victory” started running between London and 
ba In the same year the steamboat “ Hope” of 45 tons and 6 N.H.P. ran between Sheerness and 

atham. 

It has been said that some of the inhabitants of Margate were, in the earliest days of the steamboats, 
greatly opposed to them, and that when Brunel, the celebrated engineer, arrived in one at Margate he was 
actually refused a bed at the York Hotel. The steamboats were then generally known as “ packets”? or 
‘steam packets.” On the introduction of iron steamboats there were many people, among them the 
Author’s mother, who were prejudiced against them, and considered them so unsafe that they would not 
travel in them if they could help doing so. 

In 1819 the steamboat ‘‘ Venus,” and in 1820 the “ Engineer” and “ Majestic,” ran between London 
and Margate, the “ Britannia,” 70 tons and 15 N.H.P., to Southend, and the “ London,” 70 tons and 
14 N.H.P. to Richmond. The * Eagle,” with engines of 40 N.H.P., also started in 1820, and was said to 
be the first steamboat to go to Ramsgate. She afterwards became the King of Demark’s yacht. 

In 1821 the “ Britannia” and “ Majestic” ran down to Southend one day and up to London the next. 
There were only two coaches then running daily between London and Southend. 

In 1822 the “ Diana” ran to Richmond, and the new steamboat ‘ Hero” to Margate. 

In 1823 the “ Dart” and the ‘* London Engineer” started running to Margate. 

The General Steam Navigation Company, soon after it was established in 1824, commenced running 
steamboats to Margate and Ramsgate, buying up some of the boats already running and adding others. 
At this time they used the “ Eagle,” “City of London,” and “ Royal Sovereign.” In course of time they 
ran the “ Harlequin,” ** Columbia,” ‘“ Ramona,” ‘ Menai,” “ Joliffe,” “ Brocklebank,” ‘ Atwood,” and 
others. The “ Magnet,” “ Earl of Liverpool,” and “ Lord Melville” started running to Margate, Southend 
and the Nore. 

Owing to the high charges made by watermen for taking passengers to and from the steamboats, 
a landing place was constructed about 1827 just east of London Bridge on the City side and another 
at St. Katharine’s docks. The first pier at Greenwich was a floating pier run out at the Ship Tavern 
stairs. It was followed by another of ‘the same kind at the garden stairs, called the watermen’s pier. 
Greenwich pier was not built until several years later. Later still there was for a few years a pier at East 
Greenwich. Gravesend Town pier was opened in July 1834. Herne Bay pier was opened in 1827, and the 
steamboats ‘“‘Red Rover” and “City of Canterbury” called there as thcy ran between London and Margate. 

In 1830 the steamboats “ Royal George” ‘Royal William,” and ‘ Royal Adelaide’ commenced 
running, owned by a new Margate company, and in the following year the “Sir Joseph Yorke,” 100 tons 
and 30 N.H.P., commenced running to Southend and Sheerness, and the “ Diamond,” 96 tons and 
20 N.H.P., to Richmond. 

In 1834 the Woolwich Steam Packet Company was formed, and ran their steamers between Hunger- 
ford Market (near Charing Cross Pier) and Woolwich. Later on the Watermen’s Steamboat Company 
united with this company, and the title was altered to the Woolwich and Watermen’s Steam Packet 
Company. The following tables contain particulars of the steamboats belonging to this company :— 


PADDLE WHEEL STEAM BOATS OF THE WOOLWICH AND WATERMENS’ STEAM PACKET COMPANY. 


} | 
| | 


NAME OF BOAT. FAIRY. _ NAIAD. FALCON.| NIOBE. | SYREN. | WITCH. CYGNET)| ARIEL. IBIS MERLIN | OSPREY. PENGUIN SIBYL. SWIFT. 


| (Waterman 1) (Waterman 2), (Watrman 10)( Waterman 3) (Waterman 4 (Watrman 12) 
| When Built ‘ne «| 18385 | 1835 | 1840 1841 | 1841 | 1842 1843 | 1844 1844 | 1844 1844 1844 1844 1844 
Where Built... .+» London | London | Blackwall) London | London | London [Paewelt London | Blackwall [Blackwall Blackwall Black el London | Blackwall 
Paivaiiier cca < Gt. Fal, See ne ms ve | eg [Ditehburn] || Ditehburn [Ditehburn|Ditchburn Ditehburn) | Ditehburn 
and Mare |and Mare | and Mare |and Mare|and Mare; and Mare and Mare 
| Material of Hull ..-| Wood | Wood Iron | Wood | | Wood | Wood | Tron | Wood | Iron | Tron | Tron Tron Iron Iron 
Length ... es woe 122! 6" 1198" 0” 111" 6’ ‘I110' er han’ 0” 1117" 0" (114! 3”|1 20' 0” | 180" 4" (117' 10116’ 6” |118' 0" |121' 6” |123/ 0” 
| Breadth ... Soe vf 14? 9" 14! 9!"| aa! 8") 12’ 6” | 12’ 6” | 18' 6”) 14’ 5"| 14° 6” | 15" 6" | 14" 9” 9") 14 14’ 4") 14’ 4” 
| Depth ... ve he ee a pail eel. aa | (Maas a eR Ny fat) | 6! 8”| 70"! .. s fits bl 
| Tonnage, Gross... | 98 104 79 46 17 62 | 80 95 85 87 | 80 Ti 82 90 
Load Dranght, Forward..| 3’ 2’. | 3' 2” art} ab a0: | aM | Sie Se ke 3’ 8" ned voc AN deste 0 Sane 
| | | | | | 
Load Draught, Aft ...! 3’ 5" | 3! 5” Seep ees tia Ouse ouon | tO” 4' 0! 
| Engines, N.H.P. | 86 36 32 24 24 32 | 82 | 40 40 a 32 32 32 
| | | | | | 
| Description us ed Beam | Beam | oscitiating | Oscillating | Oscillating | Oscillating o-iting| Beam | oscillating | Oscillating | Oscillating | Oscillating | Oscillating | Oscillating 
Maker ... ae .| Seaward Seaward J. P. enn |Se award J. Penn) J. Penn J. Penn| ButterlyCo| J. Penn iJ. Penn | lt Penn J. Penn J. Penn) J. Penn 


When Made ... ...| 1885 | 1885 | 1840 | 1841 | 1841 | 1842 | 1848 | 1887 | 1844 | 1844 | 1844 | 1844 | 1844 | 1844 


Boiler, Description —_...| Tubular Tubular Tubular, Tubular Tubular Tubular, Tubular, Tubular | Tubular Tubular) Tubular) Tubular Tubular | Tubular 
| j H | 

| Coal Capacity in Tons na f | 4 en eg ek |: ‘tae | 4 E woe | eee et 

| Coal, Daily Consumption) 4 | 4 | 25 | 2 2 | 4 | 995] 4 25 | 25 | 25 | a5 | 2 | 26 

| | 

| Speed, Reputed Miles...) 1475 | 12 |... | 2 iia yo ep eet a Ls eee CRESoa Wicee ee 2 i ie 

| Limit of Voyage eee oes | lerareend see eee | eee Te . “Grn Stern \Gravesend| Sheerness! eee Gravesend 

I { | | | | 


The weight of Penn’s Oscillating Paddle Engines of the type fitted in the Thames Steam Boats, with everything complete, including water 
in boilers = 13 to 14 cwts. per N.H.P. 


PADDLE WHEEL STEAM BOATS OF THE WOOLWICH AND WATERMENS’ STEAM PACKET COMPANY—continued. 


NAME OF BOAT, SYLPH. | DRYAD. | NYMPH. | PETREL. . a PLOVER. DORIS. | QUEEN. “Martin, | m4 <a HERON. Pim CUPID, | VESTAL, 
| | | | THAMES, | | d 

When Built ... ...| 1844 | 1846 | 1952 | 1853 | 1854 | 1858 | 1859 | 1859 | 1860 1861 | 1863 | 1865 | 1866 | 1866 
Where Built . London | London | London Woolwich Woolwich|wootwich| ‘Chatham Woolwich MootwchWoowic sootandoae Creek|BowCre k 
Builder ... | F.Dadd | F. Dadd F.Dadd | | ‘F.Dadd | F.Dadd F.Dadd_ Lewis andiLewis and 
Material of Hull .+» Composite) Wood | Wood | Iron Tron Tron | Wood | Iron | Iron | Iron | Tron Tron | Tron | Iron 
Length ... .126" 0” 124" 01126" 0”) 158" 0” | 156" 0" 127' 6”) 120" 5.117! 10'"159' 4” 117’ 0” 219" 4" 122" 0" 1122" oO" 
Breadth ... ww} 14! 6" | 14 7] 15 0” | 16" 4” | 16" 7" | 14" 6"| 13’ 5!"| 14’ 4'| 20" o”| 1" 1”| 20° 2" 15’ 0” | 15’ 0” 
Depth wl 6 9" | | laa | ges” | 65 | 6’ 8" | 6’ 9" | 82" 6 5” | gi 4" | 75" | 7 5” 
Tonnage, Gross ... 81 82 | 118 | 128 63 78 69 65 143 | 64 | 25 74 74 
Load Draught, Forward. 2/ 9!’ | Boe | Be at ier | | 
Load Draught, Aft Se OPS Ge] 42 a | dee | | ree 
Engines, N.H.P. | a 36 50 60 32 | 36 | a2 | 32 | go | 860 140 | 32 | 82 
Description .-| Oscillating | Osolliating | Oscillating BraithwaitelBraithwaite Oscillating Oscillating | Oscillating Oscilatng | OsatingOsiating | Oscillating 
Maker wT. Penn J. Penn TWRutter W.S.P.Co. | W.S.P.Co. | J. Penn J. Penn | J. Penn J. Penn J.Penn| Caird | J. Penn 
When Made 1844 1846 1853 1854 1858 1859 1860 | 1861 1863 | 1865 | ase 1866 
Boiler, Description 34 Tubular Tubular Tubular Tubular Tubular Tubular Tubular Tubular Tubular} Tubular 


Coal Capacity 


Speed, Reputed Miles os 


Limit of Voyage 


Coal, Daily Consumption 


35 45 
2 2°5 
13°5 14°75 


| 4 


Sheerness 
| 


Sheerness 


Tubular | Tubular Tubular’ 


oe | 


Sheerness Gravesend Gravesend Gravesend Sheerness Harwich Gravesend Sheerness 


in boilers = 13 to 14 cwts. per N.H.P. 


The weight of Penn s Oscillating Paddle Engines of the type fitted in the Thames Steam Boats, with everything complete, including water 
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The steam boats of this company were admirably designed and were well managed. The Author 
travelled in them almost daily during the sixties between Greenwich and Blackwall, and frequently in 
company with Mr. Henry Green, shipbuilder at that time at Blackwall. Mr. Richard Gillespie, who 
for many years was Assistant Secretary to Lloyd’s Register of Shipping, preferred to travel from 
Greenwich to the City by these boats. 

The Greenwich Steam Packet Company was formed in 1834, through the instrumentality of Mr. 
John Penn, the celebrated Marine Engineer. ‘The trustees of the company were John Angerstein, Esq., 
Sir Richard Dobson, Captain J. W. D. Dundas, R.N., Captain J. Popplewell, and Mr. John Sutton, 
Surgeon, Mr. C. J. Cartar (afterwards Coroner for West Kent) was solicitor and secretary to the 
company. The Company’s first steam boat was named “Greenwich,” and was built at Messrs, Fletcher 
and Fearnell’s yard, Limehouse, by their then Master Shipwright, Mr. Ditchburn. She was launched 
April 15, 1835, and christened by Miss Jane Sutton, daughter of Mr. John Sutton, and was towed after 
being launched to Deptford, to receive her machinery made by Mr. John Penn. She was fitted with a 
single engine, which often “got on the centre,” which was also the case with the engines of the steam 
boats “Gipsy”? and “ Water Lily,” built for this company. Their boats, however, were such favourites 
with the public, that other steam boats came up from Gravesend on Sundays and holidays in competition. 

Another steam boat company was then formed and had four boats built, the “Nelson,” ‘“ Victory,” 
“Hardy” and “Nile.” They were better boats, and had double engines by John Penn. The repairing 
of these boats was done by John Hunter, of the Wood Wharf, Lower Thames Street, Greenwich, whose 
yard was kept busy with this work, and work connected with the fieet of fishing smacks then employed 
and owned by Mr. Tisher. 

About this time (1834) the steam boat “Royal George,” 240 tons and engines of 140 N.H.P., by 
Seaward, was built at Messrs. Fletcher & Fearnell’s yard, Limehouse, by Mr. Ditchburn, She repeatedly 
beat the ‘* Magnet,” 204 tons, and engines of 140 N.H.P., by Boulton & Watt, then the fastest boat of 
the old Margate Company. In consequence of this, the owners of the “Magnet” applied to Mr. 
Ditchburn to alter the vessel’s bow, which he did, and the result was so satisfactory that his employers 
became known as the builders of fast vessels, for they were called upon to build or alter some of the best 
steam boats of the day, including the “ Kent,” “Sophia Jane,” “Columbine,” “ Harlequin,” “ Pearl” and 
“ Hssex,” together with several other boats for the Post Office authorities, all of them being built of 
wood. This led to the abandonment of the bluff bow, and the introduction of finer lines in such vessels. 
Messrs. Fletcher & Fearnell also built a number of steam boats for the Woolwich and Margate Services, 
and three of the General Steam Navigation Company’s first steamers. 

About this time vessels of iron were being experimented with, and the results were promising success. 
Mr. Ditchburn therefore determined to start iron shipbuilding on his own account, and accordingly rented 
for the purpose some riverside premises in Deptford, now used as a coal depét by the Southern Railway. 
He there built his first iron vessel, which was an unqualified success. He then built four small steam 
boats for the up-river service of the Iron Steam Boat Company just then formed, the “Daylight,” “ Fair- 
light,” ‘‘ Moonlight,” and ‘ Starlight,” the “ Daylight” being the first iron river steamboat built on the 
Thames. ‘lo Mr. Ditchburn is due the merit of advancing iron steam shipbuilding at that time. He 
afterwards entered into partnership with Mr, C. J. Mare at Orchard Yard, Blackwall, in 1836. 

It has been recorded that in 1836 about 50 steam boats made 300 trips from London to Greenwich, 
and landed about 150,000 people at Greenwich at the fair held there on two days at Easter and two at 
Whitsuntide, many of the boats being crowded to excess. 

In 1840 several steamboat companies were formed and a regular half-hourly service was maintained 
by more than one company between Hungerford Market and Greenwich, the stopping places being London 
Bridge, (ld Shades, and Shadwell. In the same year a service of steamboats between London Bridge and 
Vauxhall was established, the fare for any distance being one penny. ‘The Commercial Company’s packets 
“Duke of Sussex’ and ‘** Prince George” ran from London to Southend and Sheerness daily, calling at 
Greenwich. 

In 1852 a large number of steamboats ran from the city as far as Chelsea and Battersea Bridge, 
nearly every ten minutes throughout the day. Small steam boats plied between the City and Hungerford 
Bridge at halfpenny fares. 

In 1854 the “ Venus” paddle steamer 180 ft. long, 18 ft. beam, 9 ft. 6 ins. deep, 291 tons, and 
90 N.H.P. was built by C. J. Mare and Co., Blackwall, to run between Greenwich, Blackwall and 
Gravesend. 
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[t was usual for a notice “No smoking abaft the funnel,” to be placed amidships, and another 
notice, “* You are requested not to speak to the man at the wheel,” to be placed aft, on board the steam 
boats. The captain stood on the bridge between the paddle boxes, and steered the boats by the motion of 
his arms to the man at the wheel, and controlled the engines by the motion of his hands toa “ call boy” 
who stood over the engine room, and shouted the orders to the engineer. The captain would always stop 
the boats to pick up a passenger from a waterman’s wherry, if signalled in time to do so. It was a great 
convenience, and the Author often availed himself of it when proceeding to different docks or yards on 
the river. 

In the early seventies, saloon excursion steamers of an improved design ran daily in the summer 
season from London to Gravesend, Southend, Sheerness and Margate. They were well patronised by the 
public, and the accommodation on board afforded every convenience, and there was usually a band on 
board. An appalling disaster, however, occurred to one of these vessels named the “ Princess Alice” on 
September 3, 1878. She was returning from Sheerness rather late in the evening, against the tide, with 
nearly 800 passengers on board, and in crossing the river from Tripcock point, just below Woolwich 
Arsenal, to avoid the force of the tide, she was run into amidships by the screw steamer “ Bywell Castle,” 
and cut in two, and nearly the whole of the passengers and crew were drowned. A friend of the Author, 
Mr. Hosking, engineer draughtsman to Messrs. John Penn & Son, and his two young daughters, were 
among those Jost. The Author examined the stem and bows of the ‘ Bywell Castle” in the Victoria 
Docks on her return to London, and she appeared to have sustained no damage through the collision. 
This disister afterwards appeared to affect to some extent the pleasure traffic on the Thames. For many 
years it had been very popular, and had met with great success, but in the following years company 
succeeded company in financial disaster, and in 1896 the Victoria Steamboat Association ceased to exist. 
But an efficient passenger service on the river appeared to be still needed, and the matter of providing it 
was brought before the River Committee of the London County Council in December, 1897, when it was 
recommended that steps should be taken for this to be done. The Thames Steamboat Company had, 
however, been formed that year, taking over the assets of the Victoria Steamboat Company, but its 
services proved unsuccessful and ceased altogether in 1903. A bill of the London County Council to 
establish an efficient service of steamboats on the river was, therefore, promoted and received the Royal 
Assent on August 15, 1904. The Council accordingly decided on November 1, 1904, to accept tenders 
for the construction of ten boats each from Messrs. Thornycroft & Co., Ltd., Messrs. Napier & Miller, 
Ltd., and Thames Iron Works and Shipbuilding Co., Ltd., to be built to the requirements of Lloyd’s 
Register of Shipping and the Board of Trade. The following are some of the particulars of the boats :— 


Lonpon County Counc Steam Boats. 


THAMES THORNYCROFT NAPIER 
ons: eee BOATS. BOATS. BOATS. 
Length between perpendiculars —... a au 480" 0 130 0" 130’ 0" 
Breadth (moulded) ... gh 8 7 cat me! 18’ 6” 180" aM FILS 36H 
Depth (moulded)... Pe £ vt Nai a 150! trike 200" 7 0 
Breadth (over paddle-boxes) ae oT 3 a 32’ 6” 32'10" $3567 ~| 
| Tonnage (gross) ‘ - ri ay x. we 126 120 116 
Number of passengers permitted by Board of Trade de 500 500 500 
| Number of seats provided :— 
Ondeck ... f. ald des 162 154 163 
In saloons ... a ee as 90 106 98 
| Draught in ordinary running conditions ... oad as 21064 210! 7 10T 
Speed on trial (miles per hour) over measured mile ade 13°06 13°04 13°82 
Indicated horse-power (on trial)... me re oe 340 340 360 
Revolutions of engines per minute (on trial) Be a 63 63 69 
| Diameter of cylinders pal ce 16" and 31” 16’ and 31” | 16" and 31” 
| Length of stroke... nes eae Per a4 dae sO" 8’ 0" $' 0” 
Working pressure (Ibs. per square inch) ... os pe 115 109 09 
Diameter of wheels (at float axes) ... ve «$s =? ie ae a 8’ 6” 
6 6" 


| Width of wheels... _ oA a! ~ a 6’ 14” 6’ 6" 
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Tue Steamers, THIRTY IN NUMBER, WERE NAMED AS FOLLOWS :— 


Kine ALFRED GIBBON RALEIGH BEN JONSON Earut Gopwin FITzAILWwIN 
PURCELL ALLEYN THomAS MorE MarLoweE TURNER CoLECHURCH 
SLOANE BrRUNEL GRESHAM RENNIE EDMUND IRONSIDE CHAUCER 
VANBRUGH CARLYLE Francis DRAKE PEPYS OLAF WHITTINGTON 
BoypDELL Morris SHAKESPEARE CHRISTOPHER WREN CHARLES LAMB CaxTON 


The ten named in the first two columns were built and engined by the Thames Lronworks and 
Shipbuilding Co., at Blackwall; the next six were built by Messrs. J. I. Thornycroft & Co., at 
Southampton, and the last four in the fourth column by Messrs. Rennie & Co., at Deptford, as sub- 
contractors to Messrs. Thornycroft ; the ten named in the fifth and sixth columns were built by Messrs. 
Napier & Miller, at Yoker, on the Clyde; whilst the twenty sets of machinery for the boats named in 
the last four columns were made by Messrs. Scott & Co., at Greenock. 

The boats had straight stems, elliptical sterns, and one flush deck all fore and aft. The machinery 
was placed amidship. Forward of the machinery was the fore cabin, in which smoking was permitted, 
and abaft the machinery was the after saloon for non-smokers, with a refreshment bar at its forward end 
and ladies’ lavatories at the after end. Gentlemen’s lavatories were at the fore end of the forward cabin, 
and the captain’s cabin and a store-room at its after end. There was a forecastle for the deck hands. 
The cabins and saloons were heated in winter by steam radiators and pipes. The boats were fitted with 
steam steering and steam reversing engines, and were lighted by electricity. They were delivered in 
seven months from the date of acceptation of the tenders. The Council found it necessary to reconstruct 
many of the piers and to build some new piers. 

The service was inaugurated by H.R.H. the Prince of Wales (now King George V.) on June 17th, 
1905, but terminated in October, 1907, in consequence of the very heavy loss involved in the running of 
the boats. The Council therefore decided in February, 1908, to dispose of the boats, either by selling or 
by chartering them. 

For the above information relating to the London County Council steamboats the Author is 
indebted to the late Sir James Bird, J.P., Clerk to the Council. 

A proposal for establishing a motor-boat service on the Thames was before the Council on 
December 2nd, 1924, but as it would necessitate the provision of new piers, the proposal was rejected. 


THAMES TUG BOATS. 

The following are particulars of some of the early tug-boats belonging to the Thames Steam Towing 
Company, plying on the River Thames :— 

Some oF THE THAMES Steam Tow1nG Company’s Ear.y Boats. 


| 


BLACK | JOSEPH | ] 


| | 
| PARTICULARS. THAMES. EAGLE. SOAMES. LONDON. SAMPSON. LION. | | geal 
| When built ... =... 1832 1836 1836 1836 1837 | 1837 1847 | 
| Where built... .... Newcastle Gateshead | Limehouse Gateshead Newcastle | Gateshead Sunderland! 
Length... as wef 042807 90' 0" | 89' 6” 84/57 | 840" 82 6. 66° 8” 
Breadth AE nac| plone a 16’ 9” se gee 1557 ts |" tb Se te oe 
Tonnage, gross... “fy. 53 117 99 98) 1) 88.97) 9389 53 
Draught, forward .... 5’ 6" | 6’ 6” 6’ 9” 5 6" 5’ 0” | ce Te a 
Ban Sete eet eee 6’ 6” Fig" BBM |) Sa Rae ie. MeONT | 
| Engines, description ...| Sngepre | Srmboree, | Ossie | Crane | ong Lever aa 
x maker ...| Hawkes | Waite | Scott Hawkes | Hawkes | Waite Corke 
” when made ... 1832 1848 1845 1886 | 1887 | 1837 | 1848 
LS PRUE: ie, deere ree ee, a ae ee ee 28 
Boilers, description .... Flue Tubular | Flue Flue Flue | Flue Tubular 
Coal, capacity in tons... 8 20 16 14 13 | 14 12 
| 4, No.of days i 1 19 2 1 2 14 1} 
| Speed, reputed, knots... 6 10 7 7 ? 7 10 
| Port of Registry .| London | London | London | London | London _ London — London | 


| Extent of voyage ..- R. Thames R. Thames R. Thames R. Thames R. Thames R. Thames R. Thames, 
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THE THAMES DOCKS. 


Previous to 1850 the docks in the Port of London consisted only of the London, St. Katharine, 
Surrey Commercial, Surrey Canal, West India and East India Docks, having a total water area of about 
368 acres. Since then, there have been added the Royal Victoria, Millwall, Royal Albert, Royal 
Albert South Extension, and Tilbury Docks, with a total area of about 379 acres. From this it will be 
seen the dock area has been more than doubled since 1850. All the docks with exception of the 
Surrey Commercial and Surrey docks are on the north side of the river. 


PARTICULARS OF THE DOocKs. 


SANCTIONED BY Dock WATER AREA LAND AREA TOTAL AREA 
PARLIAMENTIN 7 (About). (About). (About). 
Acres. Acres. Acres. 

1799 West India ... ras Wie bes ae 94 138 232 
1800 London... ney Bee if set 373 63 1003 
1801 Surrey Commercial (Grant sary’ 13) «+ +i. 167} 213 459) 
1810 Surrey Canal at Ma sole valve 26 53 bee 
1803 Mast dndigsite Pity? fase oe law se 32 36} 68} 
1825 St. Katharine af s. Le ay 103 1: 234 
1850 TO MER, ae ert) aa, ae 94) 181} 276 
1864 ante ar — a ae . 365 195 2314 
1875 Royal Albert AY at er oe 894 ; 
1901 z » Extension South  ... ty 68. 6634 821 
1882 Tilbury “i pe e ay <i 90 506 596 


The Port of London Authority was, through the instrumentality of Mr. Lloyd George, then 
President of the Board of Trade, established by Act of Parliament in 1909, and came into operation on 
November 1, 1910, when the dock waters, quays and warehouses passed into its hands. 

The following extract from Farrington’s Diary, May 25, 1807, may be of interest : “ Wilson’s I 
dined at. Mr. Wells told me that he and his brother, John Wells, had purchased the Blackwall docks 
from Mr. Perry, and that they had since sold them to Sir Robert Wigram, that his brother would 
probably continue to have a connection with Sir Robert, but would retire at Xmas next.” 

Norr.—Sir Robert Wigram (1744-1830), first Baronet, was a merchant, shipowner and M.P. 
He was twice married and had twenty-three children, three of whom became eminent. 

Blackwall has from ancient times been the home of London’s ships. It was here that the ancient 
shipbuilding yard of Wigram & Green was established, and the Honourable East India Company had 
its world-famed frigate ships built. 

Some good models of the hulls of the East Indiamen and ships of war built at the Blackwall yard 
are said to be seen in the reading room of the Poplar Free Library. 

A tall “ mast-house,” a conspicuous object, built of wood and painted brick red, stood at the west 
end of the East India export dock (formerly the Britannia dock) well into the sixties. It was used for 
lifting out and for stepping the masts of the Hast India ships when they returned home from their 
voyages, and were laid up and dismantled for repairing and refitting previous to proceeding on another 
voyage. The masts were lifted out of the vessels by machinery of a very primitive character and a 
capstan worked by a horse. 

Opposite Blackwall is Blackwall Point, where in olden times pirates were hanged and_ their 
bodies left to view suspended from the gibbet. It was called “ Execution Dock,” which originally was 
at Wapping, but eventually on the inhabitants there protesting, it was removed to Blackwall Point. 
The Author remembers his father pointing out the place to him when quite young, as they stood 
together on Blackwall Pier, Blackwall Point being then a bare marsh. 

The Brunswick Hotel, near Blackwall Pier, is still standing, but it is now a Children’s 
Convalescent Home, At one period an Annual Ministerial Whitebait Dinner was held there, but later 
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at the Ship Tavern, Greenwich. In the days of wooden sailing merchant ships there were frequently 
scenes of parting between relatives and friends on Blackwall Pier, while the ship was alongside the pier 
ready to leave on her long voyage. 


TRAINING SHIPS ON THE THAMES 
(Not of the Royal Navy). 


H.M.S. “Arethusa,” a wooden warship, moored off Greenhithe. Lent by the Admiralty to the 
National Refuges for Homeless and Destitute Children of good character. 

H.M.S. ‘* Worcester,’ a wooden warship, moored off Greenhithe. Officially known as the Thames 
Nautical Training College. Established about 1860. It has trained thousands of cadets for the Navy, 
and nearly a thousand of its old boys served in the Great War. 

H.M.S. “ Warspite,” formerly H.M.S. “ Waterloo,” a wooden warship of 120 guns, but afterwards 
cut down and renamed “ Conqueror,” of 80 guns. She was moored off Greenhithe, and had been main- 
tained by the Marine Society for the Equipment, Maintenance and Instruction of Distressed Boys for the 
Royal Navy and the Merchant Service, for more than 40 years. But she was destroyed by fire on Sunday, 
January 20, 1918. She was the oldest training ship in England. 

H.MLS. * Cornwall,” a wooden warship, built at Bombay in 1815 as the “ Wellesley,” and renamed 
“Cornwall” in 1868. Moored off Purfleet. Lent by the Admiralty as a Reformatory Ship. 

H.M.S. “ Exmouth,” a wooden two-decked warship, moored off Grays. Lent by the Admiralty to the 
Metropolitan Asylums Board for training boys for the Royal Navy and Merchant Service. The vessel 
takes the place of the “Shaftesbury ’” which was burnt some years ago. 


SCREW PROPULSION. 


In 1836 a patent was secured by Mr. F. P. Smith for a screw propeller, and it is related that the 
“Francis B. Ogden” was fitted with one, and obtained success on the Thames in 1836. In 1837 a screw 
propeller was fitted to a small boat 34 ft. by 6ft. 5 in. by 4 ft. draught, and on September 29, 1837, she ran 
from Gravesend to Margate with an average speed of 8 miles an hour. 

In 1838 the “ Archimedes” screw propelled vessel 125 ft. long by 21 ft. 10 ins. by 13 ft. of 237 tons, 
and a draught of 9 ft. 6 ins., and engines of 80 N.H.P. was built at Blackwall, for the Screw Propeller 
Company, by Mr. Henry Wimshurst, with a view to ascertaining the value of Mr. Smith’sinvention. And 
in 1839 the “ Novelty,” screw propelled vessel 117 ft. long by 24 ft. 6 ins. by 14 ft. 6 ins., was also built 
by Mr. Henry Wimshurst, with whom the Author was well acquainted, and with whom he had several 
conversations respecting the endeavours he had made to promote the introduction of screw propulsion. 

Mr. H. Wimshurst was father of Mr. James Wimshurst, for some time Chief Surveyor to the Under- 
writers’ Registry for Iron Vessels, and afterwards Chief Surveyor of Iron Ships to the Marine Department 
of the Board of Trade, and inventor of the Wimshurst Electrical Induction Machine. 

The introduction of the screw propeller into the Navy was due in the first instance to the succesful 
performance round Great Britain and elsewhere of the ‘* Archimedes.” She was tried against the paddle 
steamer ‘ Widgeon ” in 1840, between Dover and Calais. The “ Widgeon” was then the fastest packet 
on the Dover Station. She had 10 N.H.P. more, and was 75 tons less than the “ Archimedes,” and the 
mean draught of water of the “ Widgeon” was 2 ft. 1 in. less than the *‘ Archimedes.” The results of the 
trials then made proved that the propelling power of the screw was equal, if not superior, to that of the 
ordinary paddle wheel. Mr. Smith’s invention was therefore considered completely satisfactory. 

The Admiralty then ordered the “ Rattler” to be built on the same lines as the paddle-wheel steamer 
“Alecto,” and fitted with engines of the same power, and a screw propeller. The river trials of these 
vessels lasted from October, 1843, to the beginning of 1845. 

The screw steamer “ Great Northern,” of 1515 tons, arrived in the Thames in 1848, and the “ Great 
Britain,” of 3,000 tons, in January, 1845. Neither of these vessels was successfully worked for any 
length of time, but the results obtained, as regarded the application of the screw propeller, were considered 
satisfactory. 

These results, probably, together with those obtained from the preliminary trials of the “ Rattler,” 
induced the Board of Admiralty in 1845, when the steam Navy was about to be considerably increased, 
to determine that the screw propeller should be adopted. The Board ordered that the engines should be 
so constructed that every part should be below the water line, and that the screw should be so fitted that 
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the operation of shipping and unshipping it might be easily performed at sea in any weather, thereby 
rendering the vessels, as far as practicable, perfect sailing vessels whenever steam power was not required. 
Eight pairs of screw engines were ordered by the Board prior to 1844, twenty-six pairs in 1845, nine 
pairs in 1847, and two pairs for pinnaces in 1849. 

Referring to the “Great Britain,” it was reported in the ** Daily Chronicle” of November 11, 1920, 
that the vessel, then 77 years old, and the first big screw steamer to go into deep water, had been laid up 
for her final resting place at Port Stanley, in the Falkland Islands. 

Previous to the fifties screw propulsion had made but slow progress. In the early days of its 
application to cargo steamers and colliers, and before the introduction of water ballast (1852-54), trouble 
was experienced by the racing of the engines when the vessels were light and the propeller insufficiently 
immersed. Various plans were adopted to meet the difficulty, one of which was carried ont by Mr. Scott 
Russell in the building of a screw collier. 

In screw steam warships of the Royal Navy, which also carried masts and sails, it was the practice 
to connect the end of the propeller shaft with the propeller by a clutch, so as to enable the propeller to 
be unshipped and raised out of the water into a well, built in the vessel for the purpose. Even the first 
iron-clad frigates ‘* Warrior,” “ Black Prince,” and * Achilles” were so fitted. 

Some years elapsed before the large passenger steamship companies dispensed altogether with paddle- 
wheel steamers after the introduction of the screw propeller. For instance, the Cunard Company had 
their paddle-wheel steamer “ Scotia’ and their first screw steamer “ Russia” built in 1862; and the 
P. & O. Company had their paddle steamer ‘* Nyanza” built (by T. I. W. & S. B. Co., Blackwall) as late 
as 1864, and in that year had eleven paddle steamers in their fleet. 

A very beautifully coloured drawing of the longitudinal and transverse sections of the Cunard 
Steamer ‘* Scotia” was made by Mr. David Kirkcaldy, engine designer to the builder—Mr. Robert 
Napier—and exhibited at the Royal Academy Exhibition in London. Mr. Kirkcaldy afterwards 
established a public testing machine in Southwark Street, London. 

Messrs. J. & W. Dudgeon did much to introduce the system of twin-screw propulsion. They built 
at their engine works at Millwall, between 1851 and 1865 twenty-two pairs of twin-screw engines, and 
built several twin-screw steamers at their shipbuilding yard, Cubitt Town, Isle of Dogs. 

The following extract from a letter dated Cape Town, April 14, 1860, received by the author from a 
friend, gives a description of a voyage to the Cape in a screw steamer at that period :— 

* You asked me to let you know what sort of a vessel the‘ Phasbe’ was. She is a screw 
steamship of 613 tons, and 120 horse power, and sails under canvas also, a very small vessel to go 
such a long voyage. It is the last time she is to go. It was very rough when we were leaving the 
channel, the water dashed over the bulwarks covering part of the deck. The machinery broke 
down when we were passing Teneriffe, but we started a few hours after. All went smoothly after 
that. We arrived at the Cape in thirty-three days from leaving Plymouth, where we took the 
mail on board. It was a very quick passage, don’t you think so ? ” 

The following experience of some of Her late Majesty Queen Victoria’s voyages, extracted from her 
journal, may be of interest :— 


First visit to Scotland, August, 1842—* Left Windsor at five o’clock Monday morning, 
August 19. Proceeded to London by railway, and from London to Woolwich by carriage. Taken 
in the State Barge to the ‘Royal George’ yacht. Did not arrive at Leith until Thursday 
morning at 12.45 a.m. Left Leith on return journey, Thursday morning, September 15, 1842, on 
board the G.S.N. Company’s paddle wheel steamer ‘ Trident’; arrived at Southend, Saturday 
morning, September 17, 1842, at about 6 a.m. 

Tour round the West Coast of Scotland—* Embarked on board the yacht * Victoria and 
Albert ’ from Osborne Pier, Wednesday, August 11, 1847. On Monday, August 16, between 
4 and 5 a.m., something went wrong with the paddle wheel, just as happened last year, and it took 
full two hours to put it right. Monday, September 20, at one o'clock we started again, and had 
to go slowly at first, as our paddle wheel again got wrong.” 


SOME OLD BRITISH WAR SHIPS. 


_ Foudroyant. On May 19, 1756, an English fleet, under the command of Adwiral Byng, came into 
an indecisive action with a French fleet, in which the “ Foudroyant ” was the leading ship. On February 
28, 1758, however, the Mediterranean Fleet, under the command of Admiral Osborn, came into action 
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with a French fleet, when the “ Foudroyant,” having lost her main and mizzen masts, and 190 men killed 
and wounded, surrendered to H.M.S. ‘ Monmouth,” which ship had her Captain and 27 men killed and 
79 wounded. 


The “ Foudroyant” was in the British Fleet which came into action with a French Fleet on July 23, 
1778, when she lost 5 men killed and 18 wounded. On April 20, 1782, when attached to the fleet of 
Vice-Admiral Barrington, off Ushant, she was ordered to chase a French Fleet, and succeeded in capturing 
the French 74-gun ship “ Pegase,” which ship lost upwards of 100 men killed and wounded, the 
“Foudroyant” having lost only two or three men wounded. 


On September 16, 1798, she was attached to a British Squadron commanded by Commodore Sir John 
B. Warren, Bart.,and on October 12, the squadron came into action with a French fleet, when the French 
frigate ‘‘ Ethalion” was captured. The “ Wogarabaat ” had nine men wounded in the action. She was 
in a British Squadron, and the Flagship of Vice-Admiral Sir John B. Warren in an action with two 
French ships which surrendered on March 13, 1806. 


The “ Foudroyant ” was for many years the finest ship in the British Navy, and exceeded the largest 
British first-rate in length by 12 feet, and measured 1,977 tons. She was the first 84-gun ship upon two 
decks which ever belonged to the British Navy, all the British 80-gun ships being at that time three- 
deckers. Her armament consisted of the following guns :— 


Lower deck... “i = ree eee ... 80 long 42 pounders. 
Main eaie= = see oon see aa es 82 24 + 
Onarter 9,0 as: we as ae ee cae ls: 8 * 
Forecastle ,, ... a5 a Ree we dea | 8 as 
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All her guns abaft the mainmast were of brass. She did 70 years’ harbour service at Devonport, and 
was for some time the tender to the gunnery ship “ Cambridge.” She was eventually sold by the 
Admiralty to a private purchaser, after strong appeals had been made to preserve her for the Nation, and 
bn fitted out at a cost of £20,000 for exhibition purposes, but was totally wrecked at Blackpool on 

une 16, 1897. 


Her figure-head is in the courtyard of Caldicot Castle, Chepstow, and her great ensign hangs in the 
dining room of the castle. 


“ Duguay Trouin,” 74-gun ship. This was the sixth ship in the line-of-battle, commencing with the 
North-westernmost of the French and Spanish combined fleet at the battle of Trafalgar. She with three 
other ships escaped from Trafalgar on the same night of the battle, under the command of Rear-Admiral 
Dumanoir, but was attacked by a British Squadron on November 4, 1805, off Cape Finisterre, when the 
“ Duguay Trouin,” together with the three other ships, surrendered, having lost 150 men killed and 
wounded. The loss on the British ships amounted to 24 killed and 111 wounded, and in the four French 
ships 700 killed and wounded. The * Duguay Trouin” was re-named “ Implacable,” and is the last 
survivor of the French Fleet at Trafalgar. She was towed from the Hamoaze into Plymouth Sound in 
September, 1912, previous to being taken to Falmouth, to be moored near the 38-gun frigate 
“Foudroyant,” training ship and successor to the famous 84-gun ship of that name. 


Mr. C. Wheatley Cobb, of Caldicot Castle, Chepstow, wrote to the Press in April, 1924, offering to 
let the Castle and use the money in enabling him to preserve the “ Implacable” and use her in training 
boys for the sea. 


Caledonia, three-decker, 104 guns, was laid down at Chatham in 1802, but was not launched until 
1810. Originally she was named Impregnable. At one time she was the flag ship of the Duke of 
Clarence, afterwards King William IV. and was present at the great review of 1814, having just brought 
over the Tsar and the King of Prussia. She saw service in various parts of the world, and was in action 
during the final years of the Napoleonic Wars. In 1816 she was the flagship of Sir David Milne at the 
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bombardment of Algiers, where she received among other injuries over 300 shots in her hull, and her 
crew lost over 50 killed and wounded. In 1889, she was renamed Kent, and then Caledonia, and finished 
her time by being used asa training ship moored against the Forth Bridge, at Queensferry, N.B. In 
1906 she was taken to the shipbreaking yard of Messrs. Castle, at Charlton, on the Thames, to be broken 
up. 

; Boscawen was builtat’ Woolwich dockyard, and launched in 1840. She was originally a three- 
decker, but in 1859 was considerably altered at Chatham, and converted into a 90-gun screw ship. Up 
till 1876 she was called the Trafalgar, and afterwards renamed Boscawen, and became a training ship 
for boys at Portland. In 1906 she was taken to the shipbreaking yard of Messrs. Castle at Charlton on 
the Thames to be broken up. 

Impregnable was built at Pembroke dockyard, and launched in 1860 as the Howe. She was said 
to be the largest wooden battle-ship ever built. In 1886 she was renamed Impregnable, and became the 
flagship of the Port Admiral at Devonport, and a training ship for boys. She was towed away from 
Devonport on September 1, 1921, to be broken up. 


AN ANCIENT INSTITUTION OF NAVAL ARCHITECTS. 


The following particulars have been extracted from a collection of papers on Naval Architecture 
published in 1800 :— 


At a meeting held at the Crown and Anchor Tavern in the Strand on Thursday, April 14, 1791, to 
take into consideration the expediency of instituting a SOCIETY FOR THE IMPROVEMENT OF 
NAVAL ARCHITECTURE, the Right Hon. Lord Rawdon in the Chair, the following resolutions were 
moved and unanimously agreed to, viz :— 

1. That the theory and art of Shipbuilding are objects of the first magnitude and importance 
to these kingdoms. 

2. That the theory and art of shipbuilding are not so well understood in this country as 
matters of so much consequence deserve. 

3. That a remedy for their radical deficiency merits the attention of every good wisher to 
the true interests of Great Britain. 

4. That the most effectual remedy for this deficiency will be to concentrate the theoretical 
and practical wisdom of this country by the institution of a society for the improvement of Naval 
Architecture. 

5. That such a Society be now instituted under the direetion of a President, Vice-President, 
and such other officers as shall be found necessary. 

6. That His Royal Highness the Duke of Clarence (afterwards King William IV), be requested 
to accept the office of President of this Society, that a plan of it be laid before His Majesty, and 
et a John Borlase Warren, Bart., be desired to signify this request of the Society to His Royal 

ighness. 
_ 7. That the public be solicited to encourage the patriotic designs of this Society, and to 
support it by donations and annual subscriptions. 

8. That a Committee be appointed to consider the most effectual means for further carrying 
this plan into immediate execution, and to report the same to a General Meeting, which is hereby 
invited for that purpose, on Wednesday, the 20th instant, at the Crown and Anchor Tavern, in 
the Strand, at 12 o’clock at noon precisely. 


The Committee to consist of the following gentlemen :— 


Sir Joseph Banks. Mr. Hallett. 
Sir Charles Knowles. Mr. Randall. 
Sir J. B. Warren, R.N., F.R.S. Mr. Rogers. 
Dr. Hutton. Mr. Sewill. 
Prof. Martyn. Mr. Stalkaart. 
Mr. Brent. Mr. Tennant. 


9. That these Resolutions be published in the newspapers, etc. 
(Signed) RAWDON, 
Chairman. 
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The thanks of the meeting were given to the Chairman and to Sir Joseph Banks. 


At a second meeting of the Society on Wednesday, April 20th—the Right Hon. Lord Rawdon in 
the chair—His Royal Highness the Duke of Clarence having accepted the office of President, it was 


resolved :—- 


That the grateful thanks of this Society be presented to His Royal Highness the Duke of 
Clarence for the honour he has done the Society in accepting the office of President, and that His 
Royal Highness be requested to nominate six or more Vice-Presidents for the year ensuing, 
and that the Right Hon. Lord Rawdon do wait upon His Royal Highness to acquaint him 
therewith. 


That every person engaging at this or the next General Meeting (on Friday, May 20th) to 
pay two guineas, or upwards, annually, shall be considered as a Member of this Society, but that 
anyone who shall pay twenty guineas shall be released from the obligation to annual payments. 


That books be opened at Messrs. Hankeys, Hoares and Drummonds for receiving donations 
and subscriptions, and that gentlemen of the Committee do also receive them and pay them to the 


said bankers. 
(Signed) Rawpon, 


Chairman. 


The Rules and Orders of the Society, as since arranged and settled by the Committee, may 
be had of J. Sewell, No. 32, Cornhill. 


The Society, however, was brought to a close owing to lack of support and the unsettled 
state of Europe in 1799, but a number of valuable papers were in the meantime contributed by 


Members. 


THE PRESENT INSTITUTION OF NAVAL ARCHITECTS. 


This Institution was formally constituted by those present at a meeting held at the Society of Arts 
on January 16, 1860, and the first General Meeting was held there on March 1, 1860. ‘The member- 
ship at the commencement numbered 324, and it now numbers nearly 3,000. Among the first members 
were Mr. Henry Chatfield, Master Shipwright of Deptford Dockyard ; Mr. George Turner, Master Ship- 
wright ; and Mr. Philip Thornton, Assistant Master Shipwright of Woolwich Dockyard. The author 
was elected an Associate of the Institution the year following its formation, and a Member in 1868. The 
Institution from its commencement has exercised a most beneficial effect on naval architecture, and its 
influence in all matters relating thereto has been of world-wide importance. The history of the Insti- 
tution has been very ably recorded by its present Secretary, R. W. Dana, Esq., O.B.E., M.A., M.Inst.C.E., 
in an article contributed by him to ‘“‘ Brassey’s Naval and Shipping Annual” for 1924, and reprinted for 
issue to members of the Institution. 


ROYAL SCHOOL OF NAVAL ARCHITECTURE AND MARINE ENGINEERING. 


This was the third English School of Naval Architecture. The first school was established at 
Portsmouth Dockyard in 1811, and remained in existence till 1832. One of its pupils was Sir Isaac 
Watts, C.B., Chief Constructor of the Navy from 1847 till 1863, who was responsible for the design and 
construction of the ‘“ Warrior.” The second school was commenced at Portsmouth Dockyard in 1848, 
and only continued in existence for five years. Among the students of that school were Sir Edward Reed, 
Sir Nathaniel Barnaby, Mr. F. K. Barnes, Mr. J. B. C. Crossland, and Mr. Henry Morgan. The author 
was privileged to have been personally acquainted with each of these gentlemen. 
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The South Kensington School was opened there on the Ist November, 1864. The author was present 
at the ceremony, having in common with the Members of the Institution of Naval Architects, received a 
ietter from Sir John Pakington (afterwards Lord Hampton), then President of the Institution, as 
follows :— 
Westwood, Droitwich, August 18, 1864. 
Sir,— 
I enclose a prospectus of the New Royal School of Naval Architecture, and I beg leave, as 
President of our Institute of Naval Architects, to call your attention to the proposed arrange- 
ments, and to express my hope that they will receive your approbation. They have been prepared 
with an anxious desire to effect that national object which received so much attention at our two 
last annual meetings, viz.: the establishment of a school in which students from both the Royal 
Navy and the Private Trade may be successfully trained for the Profession of Naval Architecture 
and Marine Engineering. The School will be carried on under the general superintendence of the 
Science and Art Department of the Committee of Council on Education. It will be opened in the 
approaching autumn, and in the event of the proposed plan receiving your sanction, I trust you 
will promote its successiby?giving it all the assistance in your power. 


I beg to remain, Sir, 
Yours faithfully, 
(Signed) JOHN 8S. PAKINGTON. 


It is needless for the Author to remark on the suecess which attended this School, as it has been 
ably described by his esteemed friend, Sir William E. Smith, C.B., in an article contributed by him to 
“ Engineering ” for July 27, 1928, and reprinted for private circulation. It may, however, be stated 
that among the lecturers were the late Astronomer Royal, Sir George Airy (with whom the Author was 
personally acquainted), Sir Edward Reed, K.C.B., Sir Nathaniel Barnaby, Mr. J. Scott Russell, F.R.S., 
Sir William Fairbairn, Professor Rankine, and Mr. William Froude, F.R.S. Among the students were 
Mr. W. J. Bone, Mr. H. E. Deadman, C.B., Dr. Francis Elgar, LL.D., F.R.S., Dr. J. T. Milton, 
Mr. W. John, Sir William H. White, F.R.S., Mr. J. R. Perrett, Professor F. P. Purvis, D.E.Sc., Sir 
William E. Smith, C.B., Mr. George Stanbury, Dr. 8. J. P. Thearle, and Sir Philip Watts, F.R.S. 


Previous to the establishing of the School, it was very difficult for a young man who desired to do 
so, to obtain a knowledge of the principles of Naval Architecture, sufficient to enable him to become a 
successful Naval Architect. 


PRESERVATION OF IRON AND STEEL SHIPS FROM OXIDATION. 


Before the introduction of anti-fouling paints and compositions, the bottoms of iron vessels were 
liable to become very foul from the adherence of crustaceae, move particularly in the case of iron sailing 
ships. The bottoms of such vessels when dry docked, after a lorg voyage, partly through tropical waters, 
were frequently found to be completely and thickly covered with barnacles, and in some instances with 
mussels, and even oysters, the barnacles being at times from three to four inches in length. It was 
reported that when the “Great Eastern” steamship was placed on a gridiron in 1878 for cleaning and 
painting, there were 800 tons of mussels removed from her bottom. The Author on one occasion 
collected some good specimens of barnacles off the bottom of an iron sailing ship, and exhibited them at 
one of the meetings of the West Kent Natural History Society, of which he was a member, and they 
created much interest among the members, including the President, Sir John Lubbock, afterwards 
Lord Avebury. 


With regard to the coating of the internal surfaces of iron ships, various means were adopted in the 
early days for preserving them from rust. Good red lead paint applied, as soon as possible in the building, 
after the surfaces had been properly cleaned, proved to be one of the best preservatives. 
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In the case of steel ships, the Author always considered it advisable for the surfaces to be first coated 
with boiled linseed oil at the earliest possible stage of building, the surfaces being previously well cleaned. 
By this means an elastic basis was provided for painting, an important point, it being very necessary to 
provide against the expansion and contraction of the steel, subjected to varying temperatures, and boiled 
linseed oil is one of the best, if not the best, material for the purpose. After sufficient time had been 
allowed for the oil to dry, the Author recommended the surfaces to be then coated with the best white 
zinc paint, and a second coat of white zinc and red lead paint mixed to be applied. There were many 
instances of iron and steel ships in which his recommendation was carried out, and invariably with satis- 
factory results. As one of the instances it may be mentioned that there were two steel ferry boats built 
at Millwall in 1888, under his survey for Classitication with Lloyd’s Register, and their interior surfaces 
were coated in the above manner. ‘Ten years afterwards he had the opportunity of examining the 
interior of one of these vessels at Hayling Island Ferry, and found the surfaces of the steel, including 
the coal bunkers, in a perfect state of preservation from rust, never having been repainted since the 
vessel was built. 


THE COMPOSITE TEA CLIPPER “CUTTY SARK.” 


This famous Tea Clipper was built at Dumbarton by Messrs. Scott & Linton, and completed by 
Messrs. Denny in 1869 for Mr. J. Willis, who for many years was a member of the Committee of Lloyd’s 
Register of Shipping. She was built under the special survey of the Surveyors to Lloyd’s Register, and 
classed 16 Al. 


The following are her principal dimensions :— 


Registered length oem ee sc ee ae vee 212°5 feet 
Length of keel... eee aa is ay ny zat 203°6 ,, 
Breadth, extreme ie ee a3 oe aoe Ss 36°0 4; 
»» moulded we SL a Ns ia oe 35°0 ,, 
Depth of hold... aie ee Bee oe oe ie 2160) ss 
Moulded depth... ee at nae at i On 29°b  t. 

Tonnage—gross nee 7 oss = mae --- 962°97 tons 
—net ... ee re ame Fi: “36 sca) OP1FBOIs,, 
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She was built on the composite system, namely, with iron framing and wood planking. The 
keel and bottom planking to the height of about 10 ft. from the under side of the false keel being of 
rock elm, and thence to the gunwale moulding of East India teak, the upper deck being also of Kast 
India teak. She was ship rigged originally, and had a very large spread of canvas. She was designed 
by Mr. Linton. It bas been said that her lines were practically identical with those of the famous East 
Indiaman *“ Tweed,” owned by Mr. Willis, and considered to be the fastest ship ever built, the lines of 
which were in turn said to have been copied from a well-known captured French frigate. According, 
however, to the material which Mr. Basil Lubbock has gathered respecting the vessel, she had a bow 
like the “ Tweed’s,” and her under water body after the Firth of Forth fishing boats, which Mr. Linton 
greatly admired. Soon after the launch of the “Cutty Sark,” Mr. Linton became manager of a 
shipbuilding yard at Dundee, and afterwards entered the shipbuilding firm of Messrs. Oswald, 
Mordaunt & Co., at Woolston, Southampton, as their naval architect for a time, when the Author made 
his acquaintance. He died in 1900. 


The sail plan of the vessel is said to have been designed by Mr. John Rennie, chief draughtsman 
of Messrs. Scott & Linton. Mr. Rennie stated that at the time she was built there was no ocean-going 
vessel afloat, steam or sail, either in the mercantile or Naval services, which could keep abreast of her 
in a good, strong, steady breeze of wind. The “Cutty Sark’s’’ great rival was the champion Tea 
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Clipper “ Thermopyle,” designed by Mr. B. Waymouth and built at Aberdeen. She had beaten the 
Clyde built ships, and Mr. Willis was determined to get a vessel to beat her. Thence it was that he 
gave an order to Messrs. Scott & Linton to build a greyhound, and the outcome was the ‘“ Cutty Sark.” 
She was launched on November 23, 1869, and was towed to Greenock on December 21, to be masted 
and rigged. She left Greenock on January 13, 1870. Her appearance on the ocean as a Tea Clipper, 
however, was too late, for in the year of her launch in 1869, the Suez Canal was opened (Noy. 16, 1869), 
and the China trade for sailing ships gradually declined, but not before she had proved herself to be 
the fastest of the Tea Clippers. In 1871 she raced the “ Thermopyle” from Woosung to London, and 
although the “* Thermopyle ” arrived first, it was admitted that but for the “Cutty Sark ” having lost 
her rudder, and being delayed in the fitting of a jury rudder, she would have beaten the “ Thermopylae.” 
Fer first Commander was Captain George Moodie, who is still living at Macduff House, Auchtermuchty, 
Scotland, and is now (1925) in his 96th year. He has stated that he superintended the building and 
fitting out of the vessel, and never sailed in a finer ship. At ten or twelve knots she made no 
disturbance of the water, and although like a yacht, and very fine, she could stand an enormous spread 
of canvas. She ran her first voyage from London to Shanghai in 1870 in 98 days, and was the fastest 
ship of the day. She was the first sailing ship to load at Shanghai. 


Mr. Basil Lubbock, who has written a book on “The Log of the ‘Cutty Sark,’” says in the 
beginning of his preface: ‘‘ Next to the ‘ Victory,’ the most interesting survivor of the days of sail is 
undoubtedly the famous tea and wool clipper, ‘ Cutty Sark.’” 


After she was taken off the China trade she was employed in the colonial trade, sailing outward 
with general cargoes and homeward with wool and tallow, and made record voyages. The vessel was 
named after the flying witch who chased “Tam 0’ Shanter” across the auld brig o’Doon. “Cutty 
Sark ” is the Scotch for short shirt, and the vessel’s figure-head was made to represent a female with 
one hand outstretched and the other clutching her “sark” to keep it from disappearing in the wind. 
The original figure-head was carved by Mr. F. Hellyer, the late celebrated wood carver, of Blackwall. 


The vessel was sold by Mr. Willis to Messrs. Ferreira & Co., of Lisbon, in July, 1895, and re-named 
“Ferreira,” and loaded out of Lisbon to the Brazils and West Coast of Africa, and was eventually engaged 
in carrying timber in the North Atlantic. Her rig was altered and cut down to that of a very indifferent 
looking barquentine at Capetown in 1917, after she had been dismasted at Delagoa Bay the previous 
year. 


Mr. Scott, the Secretary to Lloyd’s Register of Shipping, wrote to the Author on September 16, 1921, 
enclosing a letter which had been received from Mr. Basil Lubbock, the Author of ‘China Clippers,” 
asking if he could be furnished with plans of the “Cutty Sark,” of which vessel he was then writing a 
history. As no plans of the vessel were in possession of the Society, the Secretary stated that it was 
thought that with the Author’s knowledge of the type of vessel, he might be able to construct a midship 
section from the first entry report. This the Author did, but could not of course be sure of the form of 
the section being precisely like the ship. A copy of the drawing was sent to Mr. Lubbock, who expressed 
great pleasure in receiving it. 


Nearly four months afterwards, the Author heard in the following remarkable way, that the vessel 
was in dry dock on the Thames :—Sir James Bird called to see him on December 27, 1921, and in course 
of conversation mentioned that he had recently met Mr. Wilkinson, Managing Director of Messrs. 
Fletcher, Son & Fearnall, Union Dry Docks, Limehouse, and he had told Sir James that he had not seen 
the Author fora long time. The Author therefore called to see Mr. Wilkinson four days afterwards 
(Saturday, Dec. 31), when almost the first thing he said was: ‘‘We have just dry docked the “ Cutty 
Sark.” The Author at once expressed a wish to see the vessel and obtain particulars of her. It was 
accordingly arranged that he should meet Mr. Wilkinson the following Monday morning and proceed with 
him to the Union Docks. The Author spent three days in obtaining the necessary measurements and 
particulars of the vessel to enable him to construct drawings of her lines and midship section, and Messrs. 
Fletcher, Son & Fearnal! most kindly and generously rendered him every assistance. He then made the 
said drawings, and calculated the vessel’s displacement, centre of buoyancy, metacentre, &c. He had the 
honour of presenting the drawings and papers of the calculations to the Committee of Lloyd’s Register of 
Shipping, and photo-prints of the drawings were presented to Mr. Basil Lubbock, the Institution of Naval 
Architects, Captain Dowman, the present owner of the vessel, and other persons interested in her. 
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The following are the results of the Author’s calculations :— 


Displacement at 20 ft. draught ... ex on ...  2,099°94 tons. 


re per inch ne ise pe eee oe 18°28 ,, 
Area of midship section... Pe ass ris ses 552°89 sq. ft. 
Centre of buoyancy below 20 ft. W.L. ... ae =e 7°48 ft. 
Metacentre above centre of buoyancy ae eos iss 6°08 ft. 
Co-efficient of displacement ... es “ee rr re 504 
,, midship section aa ekg ae oF “808 
“ », 20 ft. water line aan ee ax re ‘740 


The vessel when without cargo requires 400 tons of ballast in her hold. 


In 1922 she was bought by Captain Dowman, of Falmouth, and brought from Lisbon to Falmouth, 
it being Captain Dowman’s intention to have her re-rigged according to her original spar and sail plan. 
She has been returned to a British Register, but with Falmouth as her Port of Registry instead of London 
her original port, and her tonnage, owing to the old forecastle down below having been done away with, 
has been increased from 921°39 to 938°39 tons net Register. 


In relating in this Paper his reminiscences, the Author has mentioned several matters of a personal 
character. He has done this in the hope that their record may be an encouragement to others, for 
whatever success he may have had, during a professional period of over seventy years, has been due to the 
One Who is the Giver of all good. 
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Mr. C. H. JORDAN'S Paper on 


“Some Historical Records and Reminiscences relating to 
the British Navy and Mercantile Shipping.” 


APPENDIX. 


MACHINERY OF “GREAT EASTERN.” 


The following particulars of the machinery of the * GREAT EASTERN” 
being available in the London Office, the Committee of the Staff 


Association think the description will be of interest to the members. 


PADDLE ENGINES. 


The paddle engines were of the oscillating type of 1000 N EP and 3,500 indicated horse power ; four 
cylinders 74 inches diameter by 14 feet stroke ; two cylinders on each crank at right angles on a built up 
crank shaft; two air pumps driven by a single crank on the intermediate length of crank shaft ; also two 
independent condensers, reversing gears, etc., so that each paddle was driven by a complete double cylinder 
engine and could be run alone if necessary. The cylinders were inclined at a mean angle of 22°5° from 
the vertical and on opposite sides, so that a fairly uniform turning moment was obtained with a single 
pair. The condensers were of the jet type, arranged under the shaft and between each pair of cylinders ; 
25°5 inches of vacuum was maintained. The slide valves were of the gridiron form with back relief 
frames. 

Steam pressure at 24 Ibs. was supplied to the paddle engines by four double-ended tubular boilers 
of the rectangular or box type, 17°5 feet long, 17°75 feet wide, and 13°75 feet high, with 40 furnaces and 
4,500 square feet of heating surface. Fach boiler weighed 50 tons and carried about 40 tons of water. 

The original paddle wheels were 56 feet in diameter, and weighed 90 tons each, The paddle shafts 
were connected to the engine shaft by friction clutches, so arranged that each could by gearing be 
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released or closed as occasion demanded. A special trial with paddles alone gave a speed of 7°25 knots. 


2 


SCREW ENGINES. 


In addition to paddles the vessel was fitted with one screw propeller, driven by an engine of the 
horizontal direct acting type of 1600 NEP indicating 4,886 H.P. Weight of engines 500 tons. There 
were four steam cylinders 84 inches diameter by 48 inches stroke driving two cranks at right angles on the 
shaft. Mean revolutions 38°8. Each cylinder had two piston rods and a crosshead, which moved in 
guides. From the crosshead of each of the starboard cylinders proceeded one connecting rod to a crank 
pin, while from the crosshead of each of the port cylinders, two connecting rods proceeded so that there 
were three connecting rods to each of the cranks. Between the cranks a balance weight in the form of a 
disc was introduced. There were four jet condensers arranged between the cylinders with horizontal air 
pumps worked from the crossheads. The delivery of the air pumps was discharged into the hot wells and 
overboard by square pipes that proceeded from the ends of the condenser ; 25°5 inch of vacum was 
maintained. 


Steam to the screw engine was supplied at 25 Ibs, pressure by six double ended tubular boilers of the 
rectangular or box type, each 18°5 feet long, by 17-5 feet wide, by 14 feet high ; 72 furnaces, Heating 
Surface 5,000 square feet. Each boiler weighed 55 tons and carried 45 tons of water. 

The propeller was four bladed cast iron 24 feet diameter, 44 feet pitch, weight 36 tons. The propeller 
shafting was 150 feet long and 60 tons weight. 

In order that the speed of the ship might not be retarded by the screw propeller when under way with 
the paddles alone, or paddles and sails, two auxiliary engines of 20 H? each were placed abaft the screw 
engine room to keep the shaft revolving when disconnected from the main engines. 

The calculated speed of the vessel with both screw and paddle engines working was 15 knots. A trial 
on screw engines alone gave a speed of 9 knots. 


LIST OF ERRATA. 


5. 15th line from top “timbers of the keel” should be ‘timbers on the keel.” 


8. 22nd line from top, the year 1844 should be 1846. 


? 


8. 15th line from bottom, “Charles Langley” should be “ Charles Lungley.” 


10. 3rd and 5th lines from bottom, the year should be 1859, not 1858. 
11. 3rd line from bottom, Messrs “ Letts” should be “ Messrs Lewis.” 


14. Under the heading ‘Fellow Apprentices,” the name “ William Walker” in the 3rd line down should 
commence the 5th line. The full stop in the 8rd line after word composer should be a 
comma, and the comma after word acquaintance should be a full stop. 


16. 16th line from top. The name “Tyron” should be “Tryon.” 


’ 


26. The N.H.P. of the engines of the “Heron” should be 36 and not 360. 


, 


The name of the builder of the engines of the “Nymph” should be “T. W. Butter” and not 


sey. W. Ruvcer,” 


Lines of “Cutty Sark.” The co-efficient of displacement should be *504 and not *431, and that of the 
midship section should be -808 and not *767. 


LLOYD'S REGISTER STAFF ASSOCIATION, 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 22nd April, 1925. 


Tue Presmpent, Mr. J. CarnaGHan, occupPrep THE Carr. 


The Secretary read the Minutes of last Annual Meeting, and these were duly adopted. 
Reviewing the work of the session now completed, the President said :— 


“To-night’s meeting marks the close of the fifth session of Lloyd’s Register Staff Association 
and still finds it progressing strongly. The high standard which we set ourselves at the birth of 
the Association has been efficiently maintained, and it may safely be claimed that the quality and 
interest of the matter contained in the various papers, and in the discussions contributed to our 
transactions, compare favourably with those of other Technical Institutions and Societies. 


During the past session we have been favoured with papers covering a large variety of 
subjects. 


Mr. J. S. Gordon’s paper on “ The Stowage of Refrigerated Cargoes on Board Vessels” is full 
of sound practical information and has been highly appreciated not only by the members of the 
Staff Association, but also by those engaged in the carrying of refrigerated cargoes. 


Mr. B. J. Ives’s paper on ‘Classification and Seaworthiness,” dealt with a subject which, 
although one of everyday importance, was a new departure, as a subject of a treatise. His treat- 
ment of this subject has been so highly appreciated that by special request his paper was read by 
him before the North East Coast Institution of Engineers and Shipbuilders. 


_Mr.M. M. Parker’s paper on “Steering of Ships” forms a very valuable treatise on this 
subject and brings the whole matter into a common focus. It may be mentioned that he has 


recently read a paper on the same subject in conjunction with Mr. P. T. Brown before the 
Institute of Marine Engineers, 


Mr. H. J. Thomson’s paper on “Ice Navigation and Damage in the Baltic” covered .new 
ground. The matter in his paper is both interesting and highly instructive. We welcome this 
his second appearance as a contributing Author, and we assure him that the Staff Association fully 
appreciates the practical interest which he continues to take in its Transactions. 


Mr. L. Ripley’s paper on “Some Observations on Steel Founding” fully bore out the high 
reputation which he holds as the Society’s expert on Steel Castings. 


Mr. R. S. Johnson's paper on ‘(Subdivision of Ships” is an excellent exposition of this subject 
and fully deserved the appreciation which it received. 


Mr. H. Kolbow’s paper on “ Steel ‘Testing on the Occasional Attendance System” is a valu- 
able contribution, and will be greatly appreciated by the Surveyors engaged in this branch of the 
Society’s work. 

Mr. P. T, Brown's paper on “ Auxiliary Machinery” coyered a large subject, which jhe treated 
in a clear and very interesting manner. He contributed a paper on the subject of Air Compressors 
to the Institute of Marine Engineers last session, and also has collaborated with Mr. Parker, as 
previously mentioned in their joint paper on “ The Steering of Ships.” 
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SCREW ENGINES. 

In addition to paddles the vessel was fitted with one screw propeller, driven by an engine of the 
horizontal direct acting type of 1600 NEP indicating 4,886 H.P. Weight of engines 500 tons. There 
were four steam cylinders 84 inches diameter by 48 inches stroke driving two cranks at right angles on the 
shaft. Mean revolutions 38°8. Each cylinder had two piston rods and a crosshead, which moved in 
guides. From the crosshead of each of the starboard cylinders proceeded one connecting rod to a crank 
pin, while from the crosshead of each of the port cylinders, two connecting rods proceeded so that there 
were three connecting rods to each of the cranks. Between the cranks a balance weight in the form of a 
disc was introduced. There were four jet condensers arranged between the cylinders with horizontal air 
pumps worked from the crossheads. The delivery of the air pumps was discharged into the hot wells and 
overboard by square pipes that proceeded from the ends of the condenser ; 25°5 inch of vacum was 
maintained. 

Steam to the screw engine was supplied at 25 Ibs, pressure by six double ended tubular boilers of the 
rectangular or box type, each 18°5 feet long, by 17°5 feet wide, by 14 feet high ; 72 furnaces, Heating 
Surface 5,000 square feet. Each boiler weighed 55 tons and carried 45 tons of water. 

The propeller was four bladed cast iron 24 feet diameter, 44 feet pitch, weight 36 tons. The propeller 
shafting was 150 feet long and 60 tons weight. 

In order that the speed of the ship might not be retarded by the screw propeller when under way with 
the paddles alone, or paddles and sails, two auxiliary engines of 20 H? each were placed abaft the screw 
engine room to keep the shaft revolving when disconnected from the main engines. 

The calculated speed of the vessel with both screw and paddle engines working was 15 knots. A trial 
on screw engines alone gave a speed of 9 knots. 


LIST OF ERRATA. 


5. 15th line from top “timbers of the keel” should be “timbers on the keel.” 
8. 22nd line from top, the year 1844 should be 1846. 

8. 15th line from bottom, “Charles Langley” should be “ Charles Lungley.” 
10. 83rd and 5th lines from bottom, the year should be 1859, not 1858. 
11. 38rd line from bottom, Messrs ** Letts’’ should be ‘* Messrs Lewis.” 


14. Under the heading ‘Fellow Apprentices,” the name “ William Walker” in the 8rd line down should 
commence the dth line. The full stop in the 3rd line after word composer should be a 
comma, and the comma after word acquaintance should be a full stop. 


16. 16th line from top. The name “Tyron” should be * Tryon.” 
26. The N.H.P. of the engines of the “ Heron” should be 36 and not 360. 
The name of the builder of the engines of the “Nymph” should be “T. W. Butter” and not 
“T. W. Rutter.” 


Lines of “Cutty Sark.” The co-efficient of displacement should be 504 and not 431, and that of the 
midship section should be -808 and not °767. 


LLOYD'S REGISTER STAFF ASSOCIATION, 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 22nd April, 1925. 


Tue Presmpent, Mr. J. CarRNnaGHAN, OCCUPIED THE Crarr. 


The Secretary read the Minutes of last Annual Meeting, and these were duly adopted. 
Reviewing the work of the session now completed, the President said :— 


‘“‘To-night’s meeting marks the close of the fifth session of Lloyd’s Register Staff Association 
and still finds it progressing strongly. The high standard which we set ourselves at the birth of 
the Association has been efficiently maintained, and it may safely be claimed that the quality and 
interest of the matter contained in the various papers, and in the discussions contributed to our 
transactions, compare favourably with those of other Technical Institutions and Societies. 


During the past session we have been favoured with papers covering a large variety of 
subjects. 


Mr. J. S. Gordon’s paper on “ The Stowage of Refrigerated Cargoes on Board Vessels” is full 
of sound practical information and has been highly appreciated not only by the members of the 
Staff Association, but also by those engaged in the carrying of refrigerated cargoes. 


Mr. B. J. Ives’s paper on “ Classification and Seaworthiness,” dealt with a subject which, 
although one of everyday importance, was a new departure, as a subject of a treatise. His treat- 
ment of this subject has been so highly appreciated that by special request his paper was read by 
him before the North East Coast Institution of Engineers and Shipbuilders. 


_Mr. M. M. Parker’s paper on “Steering of Ships” forms a very valuable treatise on this 
subject and brings the whole matter into a common focus. It may be mentioned that he has 


recently read a paper on the same subject in conjunction with Mr. P. T. Brown before the 
Institute of Marine Engineers. 


Mr. H. J. Thomson’s paper on “Ice Navigation and Damage in the Baltic” covered new 
ground. The matter in his paper is both interesting and highly instructive. We welcome this 
his second appearance as a contributing Author, and we assure him that the Staff Association fully 
appreciates the practical interest which he continues to take in its Transactions. 


Mr. L. Ripley’s paper on “Some Observations on Steel Founding” fully bore out the high 
reputation which he holds as the Society’s expert on Steel Castings. 


Mr. R. S. Johnson’s paper on ‘‘Subdivision of Ships” is an excellent exposition of this subject 
and fully deserved the appreciation which it received. 


Mr. H. Kolbow’s paper on “Steel ‘Testing on the Occasional Attendance System” is a valu- 
able contribution, and will be greatly appreciated by the Surveyors engaged in this branch of the 
Society’s work. 

Mr. P. T. Brown's paper on “ Auxiliary Machinery” coyered a large subject, which the treated 
in a clear and very interesting manner. He contributed a paper on the subject of Air Compressors 
to the Institute of Marine Engineers last session, and also has collaborated with Mr. Parker, as 
previously mentioned in their joint paper on “ The Steering of Ships.” 
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Mr. C. H. Jordan has contributed ‘‘ Some Historical Records and Reminiscences Relating to the 
British Navy and Mercantile Shipping,” but, owing to unforeseen circumstances, although his 
paper is in course of printing, its publication has been delayed. It is hoped, however, to include 
the paper in this session’s Transactions, and that the members will soon have these reminiscences to 
ponder over. 

The coming session is full of promise, the preliminary syllabus contains papers on the following 
subjects :— 

“Steel Pipes and Air Receivers,” 

“ Refrigeration,” 

“ Corrosion in Oil Ships,” 

“ Survey of Wood Ships,” 

‘“‘ Seaworthiness of Coasting Vessels.” 

On behalf of the Association I wish to express our sincere thanks to the Committee of Lloyd's 
Register for the continuance of their substantial support. 

I also desire to acknowledge the assistance of the Society’s Printing Department for the 
excellence of their work in the production of the Transactions. To Mr. C. V. Manley our thanks 
are due for his services as official reporter on several occasions. 

I wish to express my personal thanks to the Committee, the Honorary Secretary and all the 
members of the Staff Association who have read papers or contributed to the discussions. I assure 
them that I credit them with the major portion of the work, which has meant the continued success 
of the Association, and has permitted me to hand over to my successor with some feeling of satisfac- 
tion the Office of President with which you have honoured me during the past two sessions. 

In accordance with the Association's Rule (5) the President, Honorary Secretary and Members 
of Committee automatically retire. Although by the same Rule these Members are eligible for 
re-election, I ask you to accept my resignation and to elect my successor.” 

On the motion of Mr. J. Hodgson, seconded by Mr. W. Thomson, it was agreed to make the 
following addition to Rule 4 :— 

“ All Past Presidents of the Association shall be Members of Committee ex-offc7o.” 


The meeting then proceeded with the election of Office-bearers for the new session, and on 
the motion of Mr. E. W. Blocksidge, seconded by Mr. J. W. Dimmock, Dr. B. C. Laws was 
unanimously elected President. The further appointments were made as follows :— 


Hon. Secretary - - : - - Mr. W. THomson. 


ComMITTEE, LONDON: 


Messrs. E. W. Blocksidge, G. R. Edgar, W. D. Heck, J. Hodgson, J. S. Gordon, 
C. N. Hunter and M. M. Parker. 


The meeting concluded with a very hearty vote of thanks to Mr. Carnaghan for his services 
as President during the past two sessions. 


